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THE KEITH, BRISBANE, AND NEILL PRIZES. 

The above Prizes will be awarded by the Council in the following manner :— 

KEITH PRIZE. . 

The Kerry Prize, consisting of a Gold Medal and from £40 to £50 in Money, 

will be awarded early next Session (1861-62), for “the best communication on a 

scientific subject, communicated, in the first instance, to the Royal Society dur- 

ing the Sessions 1859-60 and 1860-61.” Preference will be given to a paper 

containing a discovery. 

MAKDOUGALL BRISBANE PRIZE. 

This Prize, consisting of a Gold Medal and a sum of Money, will be awarded 

before the close of the Session 1862-63, under the following conditions :— 

1. Competing Essays are to be addressed to the Secretary of the Society on 

or before Ist November 1862. 

2. The competition is open to all men of science. 

3. The Essays may be either anonymous or otherwise. In the former case, 

they must be distinguished by mottoes, with corresponding sealed billets super- 

scribed with the same motto, and containing the name of the Author. 

4. The subject proposed by the Council for the Prize of 1862-63 is the fol- 
lowing :— 

A BiograpuicaL Novick oF 4 SCOTCHMAN EMINENT IN SCIENCE: including an 

estimate of the influence and importance of his writings and discoveries. As 

instances of such Biographies which still remain to be supplied, the Council 

would specify the following names: Sir Rosert SipBap, Sir ANDREW BALrour, 

Mactaurin, Brack, Monro Primus and Secundus ; several of the family of 

GREGORY, Sir JAMES HALL, JAMESON. The earlier volumes of the Transactions 

VOL. XXII. b 



vi 

of the Royal Society contain several specimens of able Biographies of the kind 

here referred to. The Council are anxious to see a continuation of the series. 

5. The Council impose no restriction as to the length of the Essays, which 

may be, at the discretion of the Council, read at the Ordinary Meetings of the 

Society. They wish also to leave the property and free disposal of the manu- 

scripts to the Authors; a copy, however, being deposited in the archives of the 

Society, unless the Paper shall be published in the Transactions. 

NEILL PRIZE. 

The Council of the Royal Society of Edinburgh having received the bequest of 

the late Dr Patrick Nerixu of the sum of £500, for the purpose of “the interest 

thereof being applied in furnishing a Medal or other reward every second or third 

year to any distinguished Scottish Naturalist, according as such Medal or reward 
shall be voted by the Council of the said Society,” hereby intimate, 

1. That the Second Nem Prize, consisting of a Gold Medal and asum of 

Money, will be awarded before the close of the Session 1861-62. 

2. The Prize will be given for a Paper of distinguished merit, on a subject of 

Natural History, by a Scottish Naturalist, which shall have been presented to 

the Society during the three years preceding the Ist February 1862,—or failing 

presentation of a Paper sufficiently meritorious, it will be awarded for a work 

or publication by some distinguished Scottish Naturalist, on some branch of 

Natural History, bearing date within five years of the time of award. 



Vii 

AWARDS OF THE KEITH PRIZE SINCE 1855. 

(Continued from Transactions, Vol. XXI., page v1.) 

15TH Brennzat Perriop, 1855-57. Professor Boots, for his Memoir on the Application of 

the Theory of Probabilities to the Question of the 

Combination of Testimonies and Judgments. 

16TH Do. 1857-59. Not awarded. 

AWARD OF THE MAKDOUGALL BRISBANE PRIZE. 

ist Awarp or Prizz1859. Sir Roprrick Impry Murcuison, on account of his Contributions 

to the Geology of Scotland. 

AWARD OF THE NEILL PRIZE. 

1st TrreNNIAL Periop, 1856-59. Dr W. Lauper Linnsay, for his Paper on the Spermo- 

gones and Pycnides of Filamentous, Fruticulose, and 

Foliaceous Lichens. 
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Illustrating Professor Forbes’ Inquiries about Terrestrial Magnetism, 

IV. Vv 
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IX. |Illustrating Dr Lauder Lindsay’s Paper on the Spermogones and 
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XVI. Illustrating Professor Balfour’s Paper Descriptive of the Plant which 
eV Produces the Ordeal Bean of Old Calabar, 

XVIII. ) Illustrating Professor Forbes’ Paper on the Climate of Binburgh for 
ae Fifty-six Years, from 1795 to 1850, : 
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LAWS. 

[By the Charter of the Society (printed in the Transactions, Vol. V1. p.5), the Laws cannot 

be altered, except at a Meeting held one month after that at which the Motion for 

alteration shall have been proposed. | 

tT 

THE ROYAL SOCIETY OF EDINBURGH shall consist of Ordinary and 
Honorary Fellows. 

i 

Every Ordinary Fellow, within three months after his election, shall pay Two 

Guineas as the fee of admission, and Three Guineas as his contribution for the 

Session in which he has been elected ; and annually at the commencement of every 

Session, Three Guineas into the hands of the Treasurer. This annual contribution 

shall'continue for ten years after his admission, and it shall be limited to Two 

Guineas for fifteen years thereafter.* 

Ge 

All Fellows who shall have paid Twenty-five years’ annual contribution shall 

be exempt from farther payment. 

IV. 

The fees of admission of an Ordinary Non-Resident Fellow shall be £26, 5s., 

payable on his admission; and in case of any Non-Resident Fellow coming to 

reside at any time in Scotland, he shall, during each year of his residence, pay the 

usual annual contribution of £3, 3s., payable by each Resident Fellow ; but after 

payment of such annual contribution for eight years, he shall be exempt from any 

farther payment. In the case of any Resident Fellow ceasing to reside in Scot- 

_ * At the Meeting of the Society, on the 5th January 1857, when the reduction of the Contri- 
butions from £3, 3s., to £2, 2s., from the 11th to the 25th year of membership, was adopted, it was 
resolved that the existing Members shall share in this reduction, so far as regards their future 
Annual Contributions. 

A modification of this rule, in certain cases, was agreed to 8d January 1831. 

Title. 

The fees of Ordi- 
nary Fellows resid- 
ing in Scotland. 

Payment to cease 
after 25 years. 

Fees of Non-Resi- 
dent Ordinary 
Fellows. 

Case of Fellows 
becoming Non-Re- 
sident. 



Defaulters. 

Privileges of 
Ordinary Fellows. 

Numbers Un- 
limited. 

Fellows entitled 
to Transactions. 

Mode of Recom- 
mending Ordinary 
Fellows. 

Honorary Fellows, 
British and 
Foreign. 

XIV 

land, and wishing to continue a Fellow of the Society, it shall be in the power of 

the Council to determine on what terms, in the circumstances of each case, the 

privilege of remaining a Fellow of the Society shall be continued to such Fellow 
while out of Scotland. 

Les 

Members failing to pay their contribution for three successive years (due ap- 

plication having been made to them by the Treasurer) shall be reported to the 
Council, and, if they see fit, shall be declared from that period to be no longer 

Fellows, and the legal means for recovering such arrears shall be employed. 

VI. 

None but Ordinary Fellows shall bear any office in the Society, or vote in the 

choice of Fellows or Office-Bearers, or interfere in the patrimonial interests of the 
Society. 

Vil. 

The number of Ordinary Fellows shall be unlimited. 

Vir. 

The Ordinary Fellows, upon producing an order from the TREASURER, shall be 

entitled to receive from the Publisher, gratis, the Parts of the Society’s Trans- 

actions which shall be published subsequent to their admission. 

FX. 

No person shall be proposed as an Ordinary Fellow without a recommenda- 

tion subscribed by One Ordinary Fellow, to the purport below.* This recom- 

mendation shall be delivered to the Secretary, and by him laid before the Council, 

and shall afterwards be printed in the circulars for three Ordinary Meetings of 

the Society, previous to the day of the election, and shall lie upon the table during 

that time. 

X. 

Honorary Fellows shall not be subject to any contribution. This class shall 

* « A, B,, a gentleman well skilled in several branches of Science (or Polite Literature, as the case 
“may be), being to my knowledge desirous of becoming a Fellow of the Royal Society of Edin- 
“ burgh, I hereby recommend him as deserving of that honour, and as likely to prove a useful and 
“‘ valuable Member.” 

This recommendation to be accompanied by a request of admission signed by the Candidate. 



XV 

consist of persons eminently distinguished for science or literature. Its number 

shall not exceed Fifty-six, of whom Twenty may be British subjects, and Thirty- 

six may be subjects of foreign states. — 

XI. 

Personages of Royal Blood may be elected Honorary Fellows, without regard 

to the limitation of numbers specified in Law X. 

XT. 

Honorary Fellows may be proposed by the Council, or by a recommendation 

(in the form given below*) subscribed by three Ordinary Fellows; and in case 

the Council shall decline to bring this recommendation before the Society, it shall 

be competent for the proposers to bring the same before a General Meeting. The 

election shall be by ballot, after the proposal has been communicated viva voce 

from the Chair at one meeting, and printed in the circular for the meeting at 

which the Ballot is to take place. 

XTIL 

The election of Ordinary Fellows shall take place at the Ordinary Meetings of 

the Society. The election shall be by ballot, and shall be determined by a majo- 

rity of at least two-thirds of the votes, provided Twenty-four Fellows be present 

and vote. 

XIV. 

The Ordinary Meetings shall be held on the first and third Mondays of every 

month from November to June inclusive. Regular Minutes shall be kept of the 

proceedings, and the Secretaries shall do the duty alternately, or according to such 

agreement as they may find it convenient to make. 

XV. 

The Society shall from time to time publish its Transactions and Proceedings. 

For this purpose the Council shall select and arrange the papers which they shall 

* We hereby recommend 
for the distinction of being made an Honorary Fellow of this Society, declaring that each of us from 
our own knowledge of his services to (Literature or Science as the case may be) believe him to be 
worthy of that honour, 

(To be signed by three Ordinary Fellows.) 

Me 

To the President and Council of Royal Society 
of Edinburgh. 

VOL. XXII. 
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of Honorary Fel- 
lows. 
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nary Fellows. 
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The Transactions. 



How Published. 

The Council. 

Retiring Council- 
lors. 
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Bearers. 

Special Meetings ; 
how called. 

Treasurer’s Duties. 

Auditors. 

Xvi 

deem it expedient to publish in the Z’ransactions of the Society, and shall super- 
intend the printing of the same. 

XVI. 

The Transactions shall be published in Parts or Fasciculi at the close of each 

Session, and the expense shall be defrayed by the Society. 

There shall be elected annually, for conducting the publications and regulating 

the private business of the Society, a Council, consisting of a President; Six Vice- 

Presidents, two at least of whom shall be resident ; Twelve Councillors, a General 

Secretary, Two Secretaries to the Ordinary Meetings, a Treasurer, and a Curator 

of the Museum and Library. 

XVII. 

Four Councillors shall go out annually, to be taken according to the order in 
which they stand on the list of the Council. 

XVIII. 

An Extraordinary Meeting for the Election of Office-Bearers shall be held on 
the fourth Monday of November annually. 

XIX. 

Special Meetings of the Society may be called by the Secretary, by direction 

of the Council; or on a requisition signed by six or more Ordinary Fellows. 

Notice of not less than two days must be given of such Meetings. 

XX. 

The Treasurer shall receive and disburse the money belonging to the Society, 

granting the necessary receipts, and collecting the money when due. 

He shall keep regular accounts of all the cash received and expended, which 

shall be made up and balanced annually; and at the last Ordinary Meeting in 

January he shall present the accounts for the preceding year, duly audited. At 

this Meeting, the Treasurer shall also lay before the Council a list of all arrears 

due above two years, and the Council shall thereupon give such directions as 

they may deem necessary for recovery thereof. 

Xk 

At the Extraordinary Meeting in November, a Committee of three Fellows 

shall be chosen to audit the Treasurer’s accounts, and give the necessary discharge 

of his intromissions. 



XVll 

The report of the examination and discharge shall be laid before the Society 

at the last ordinary Meeting in January, and inserted in the records. 

XXII. 

The General Secretary shall keep Minutes of the Extraordinary Meetings of General Secretary's 
the Society, and of the Meetings of the Council, in two distinct books. He shall, 

under the direction of the Council, conduct the correspondence of the Society, and 

superintend its publications. For these purposes, he shall, when necessary, employ 

a clerk, to be paid by the Society. 

The Secretaries to the Ordinary Meetings shall keep a regular Minute-book, in Secretaries to _ 
dj ; 3 Ordinary Meetings. 

which a full account of the proceedings of these Meetings shall be entered; they 

shall specify all the Donations received, and furnish a list of them, and of the 

donors’ names, to the Curator of the Library and Museum: they shall likewise 

furnish the Treasurer with notes of all admissions of Ordinary Fellows. They 

shall assist the General Secretary in superintending the publications, and in his 

absence shall take his duty. 

XXTIL 

The Curator of the Museum and Library shall have the custody and charge of wee 

all the Books, Manuscripts, objects of Natural History, Scientific Productions, and 

other articles of a similar description belonging to the Society; he shall take an 

account of these when received, and keep a regular catalogue of the whole, which 

shall lie in the Hall, for the inspection of the Fellows. 

XXIV. 

All articles of the above description shall be open to the inspection of the Use of Museum 
: : 2 and Library. 

Fellows, at the Hall of the Society, at such times, and under such regulations, as 

the Council from time to time shall appoint. 

XXYV. 

A Register shall be kept, in which the names of the Fellows shall be enrolled Register Book. 

at their admission, with the date. 



ERRATA. 

Page 41, line 1, for 1829 read 1859. 

392, line 11, for fasiculata read fasiculatum. 

s 22, for cylindraceus read cylindraceum. 

- Add to the list Lowonema sulculosa. 

398, line 20, for longispina read longispinus. 

- 22, for duplicicosta read duplicicostatus. 

i 24, for Aviculu rugosa read Aviculopecten rugosus. 

Ks 28, delete Orthis filiaria. 

os 19, for Athyris gibera read Atrypa gibbera ; but it should be conjoined with 

Orthis resupinata. 
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TRANSACTIONS. 

I—An Account of some Experiments on Radiant Heat, involving an extension 

of Prevost’s Theory of Exchanges. By BALFour STEWART, Esq. Communi- 

cated by Professor Forbes. 

(Read 15th March 1858.) 

Dwwision of Subject. 

1. This paper consists of two parts, the first of which is confined to describing 

the experiments performed ; while in the second it is attempted to connect these 

with certain theoretical views regarding Radiant Heat. 

2. The experiments were made with a fourfold object; at least, for the sake 

of clearness, it is well to class them into four distinct groups :— 

Group I. Contains those experiments in which the quantities of heat radiated 

from polished plates of different substances, at a given tempera- 

ture, are compared with the quantity radiated from a similar sur- 

face of lamp-black, at the same temperature. 

II. Those in which the quantities of heat radiated at the same tempe- 

rature, from polished plates of the same substance, but of differ- 

ent thicknesses, are compared with one another. 

III. Those in which the radiations, from polished plates of different sub- 

stances at any temperature, are compared with that from lamp- 

black at the same temperature, with regard to the quality or na- 

ture of the heat radiated. 

IV. Those in which the same comparison is made between the radiations 

from polished plates of the same substance, but of different thick- 

nesses. 

Instruments used, and Method of using them. 

3. 1 am indebted to the kindness of Professor Forses for the use of a delicate 

thermo-multiplier, consisting of the sentient pile, and its attached galvanometer 

and telescope ; as well as for much valuable information with regard to the proper 

method of using the apparatus. 

VOL. XXII. PART I. A 
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2 MR B. STEWART ON RADIANT HEAT. 

The following arrangement was adopted for the great mass of the experi- 

ments :— 

A. Is the sentient pile, with a polished 
brass cone attached to it, for col- ~ 
lecting the rays of heat. 

B. Is the galvanometer, the position 
of its needle being read to 75th 
of a degree by the telescope C. 

D, Is ascreen placed before the mouth 
of the cone in which there is a 
small hole or diaphragm ‘65 inch 
square. The screen is covered 
with gilt paper, in order that, 
should it get slightly heated, it 
might radiate as little as pos- 
sible, 

The heated body is placed behind the diaphragm, filling up the field of view 

from the cone; so that every ray reaching the cone from behind the diaphragm 

comes from the heated body. 

In the following experiments, unless the contrary is mentioned, the distance 

of the diaphragm from the mouth of the cone is 2 inches. 

The dimensions of the cone itself are as follows :— 

Length of axis, or distance between centre of mouth and pile, . 3 5 inches, 
Diameter of mouth or opening, . i si : : : 3 2°6 inches. 

The temperature to which the heated body was raised was generally 212°, 

and the apparatus used for heating it was of the following construction :— 
It consisted of a tin vessel, having its top, bot- 

tom, and sides double (or a box within a box), 

and furnished on the top with a lid, also double, 

by means of which the body to be heated was 

introduced into the interior. Water was poured 

into the chamber between the outer and inner 

boxes, and allowed to boil; and, when the lid was 

shut, the temperature of the interior was found to rise very nearly to the boiling 

point ; a thermometer placed in the air of the chamber showing a temperature of 

200°, and when lying on the bottom, a temperature of 210°. When an observa- 

tion was to be made, the hot body was taken out, and that surface which lay on 

the bottom of the inner chamber placed behind the diaphragm, so as to radiate 

into the cone. In the following experiments, unless the contrary is mentioned, 

the body has been heated in this manner. 

The first swing of the galvanometer needle was taken as representing the in- 

tensity of the heating effect; and Professor Forses has shown, in a paper read 

before this Society, 2d May 1836, that this will hold up to angles of about 20°, 

which is the maximum deviation used in these experiments. 
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Observations were always made with as little sunlight as possible; and under 

these circumstances, it was ascertained that the stray heat reaching the cone 

was inappreciable. The needle, it was calculated, reached the limits of its swing 

about 12 seconds after the heated body had been taken out of the boiling-water 

apparatus. 

Experiments were made to ascertain if the body cooled sensibly during this 

short period of time, and it was found that its cooling was so trifling as not to 

interfere in any degree with the results of these observations. In the following 

experiments, it is therefore assumed that the body remains at its original tem- 

perature of 210° while the observation is being made. 

Four observations were generally made, and three if they agreed together ex- 

ceedingly well, but never fewer. Very often the agreement was exact. 

First Group of Experiments described. 

4. With these remarks, I proceed to describe the experiments belonging to the 

first group, or those made with the view of comparing the heat radiated from 

polished plates of different substances with that radiated from a surface of lamp- 

black at the same temperature. 

The reason why lamp-black was chosen as the standard is obvious; for, it is 

known from LEsiie’s observations, that the radiating power of a surface is pro- 

portional to its absorbing power. Lamp-black, which absorbs all the rays that 

fall upon it, and therefore possesses the greatest possible absorbing power, will 

possess also the greatest possible radiating power. The first substance compared 

with it was glass. 

A. Gilass—A piece of plate-glass, 8 inch thick, having paper coated with 

lamp-black pasted on its surface next the pile, gave a deviation of 18-1. This 

may be taken as the radiation from lamp-black. 

Three plates of crown-glass, each ‘05 inch thick, sie one behind the ee 
gave : : ree 

A single piece of erowneplass of the same » thickness ¢ gave : 3 : 165 

This difference is probably owing to the single plate cooling faster than 
the three plates. It may be argued that the radiation from glass is very nearly 
equal to that from lamp-black ; and indeed this is already well known.* 

B. Alum.—Here the boiling-water apparatus could not be used, since alum 
becomes calcined at a temperature much below 212°; but a self-regulating appa- 
ratus, invented by the late Mr Kemp, was employed instead, giving a steady tem- 
perature of 98°. 

A piece of plate-glass -18 inch in thickness gave ; , 3 : P 5:0 
A piece of alum ofthe same thickness gave. ; : : : , 5:0 

The radiation from alum may therefore be reckoned equal to that from glass. 

* See Lustix’s “ Inquiry into the Nature and Propagation of Heat,” 
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C. Selenite.—At the temperature of 98°— 

A piece of selenite -125 inch in thickness gave ; : . ‘ 51 
Under the same circumstances, glass -18 inch thick gave. : . 5:0 

In the boiling-water apparatus, 
The same piece of selenite gave : : ; : ‘ ; . Se 
While blackened glass gave. : : : : : 5 . 185 

The radiation from selenite may therefore be reckoned equal to that from 

alum or glass. 

D. Mica.—A small box was constructed, having two windows of mica, the 

thickness of the mica in the one being ‘0009 inch, and of that in the other -02 inch. 

This box was filled with mercury (Professor Forzes having suggested the use of 

that metal, to keep up the temperature, while interfering very little with the radia- 

tion). The whole was then set on a glass dish in the boiling-water apparatus. 

The radiation from the thin window was, . ; ‘ . 12 
While that from the thick window was, . 2 : : 127 

As it would have been manifestly erroneous to compare these with the radia- 

tion from blackened glass lying in contact with the bottom of the apparatus, the 

thin window was removed, and blackened paper substituted in place of it. 

While the thick mica window gave . ; : : : 12-7 
The blackened paper gave ; : ‘ : : : 13-8 

In comparing the radiations from the two windows, they were observed 

alternately. We see, therefore, that the radiation from mica, especially thin mica, 

is less than that from lamp-black in the proportion of 11-2 to 13°8, or the heat 

from thin mica is 80 per cent. of that from lamp-black. 

E. fock-Salt.—As in the experiments with rock-salt, it was desirable to ob- 

tain results of the greatest possible accuracy, the radiation from the rock-salt 

was not compared with that from blackened glass; for it was found that glass 

cooled more rapidly than rock-salt. The following plan was adopted :— 

A piece of rock-salt -18 inch thick (the temperature as in all the previous examples 
being about 210°), gave. ; : : 3:2 

A canister with water kept boiling, coated with ‘lamp-black, - : x 220 

In order to estimate how much the rock-salt had cooled during the observa- 

tion, the following experiment was made, without any diaphragm :— 

Rock-salt +18 inch thick taken to the cone at once, gave. : ; 5:1 
After cooling for 15 seconds, it gave : : ; 4:9 

It will be seen from this, that were the rock-salt, instead of cooling during 

the 12 seconds necessary for the observation, kept at the temperature of 212", it 

would not have given more than 3°3, while the hot-water canister gave 22°0. 

5. From these experiments, it appears that glass, alum, and selenite, at low 

temperatures, have an intensity of radiation very nearly equal to that from lamp- 

black; while mica radiates somewhat less, and rock-salt greatly less. This is 

shown by the following table :— 
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TaBLeE I. 

Temperature. 

Radiating Substance. 

PAWS 98° 

Lamp-black, . : : . 100 

Glass, : é : ‘ ; 98 27 

Alum, : ; 2 : < 27 

Selenite, . : : : : 98 27 

Thick mica, : ; 2 ‘ 92 

Thin mica, ; : : 81 

Rock-salt, : : : : 15 

Second Group of Experiments described. 

6. I now proceed to the second group of experiments, or those designed to 

compare together the quantities of heat radiated at the same temperature from 

polished plates of the same substance, but of different thicknesses. 

A. Glass.—No direct experiment of this kind was made on glass; for although 

a thick plate gave a somewhat greater radiation than a thin plate, it was ima- 

gined that this was due to the unequal cooling of the two plates. Indirectly, 

however, we niay gather that thick glass radiates somewhat more than thin 

glass, from the following experiment, which belongs more properly to the fourth 

group :— 

__ A plate of crown-glass -05 inch thick, being placed before the cone as a screen, and a 
similar plate -05 inch thick, and 3°75 inches square, being used as the source of 
heat at a distance of 6 inches, and no diaphragm used, the deviation was 0-95* 

But when the source of heat was a similar plate *10 inch thick, the deviation 
became . 2 . : - : : : : . - . 1:45 

Such a difference cannot be accounted for by the unequal cooling of the plates ; 

and it would seem to indicate that a small quantity of heat from the interior of 

the thick plate reached the surface; which heat, having already been sifted by 

its passage through glass, was easily able to pierce the screen. 

In another similar experiment, 

One plate of crown-glass ‘05 inch thick, gave a deviation of : : 11 
Two plates 05 inch thick, the one behind the other, . : : ; ‘ 1:55 
Three such plates, 2 : ‘ . 1:9 

B. and C.—No tte of this kind were attempted with alum or selenite. 

* Without any screen, it was calculated that the intensity of effect would have been equal to 
about 150°. 
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D. Mica.—Experiments similar to those already described, only at a distance 

of 24 inches from the cone, gave— 
For mica, ‘0009 inch thick (average of two sets of experiments), j 8-2 
For mica, ‘02 inch thick (average of two sets of experiments), A 5 9:3 

The experiments already quoted, which were made at a shorter distance from 

the pile, gave— 

For mica, ‘0009 inch thick, : 3 q = ; ’ 3 - 112 
For mica, ‘02 inch thick, . : ; : : i ae S BEY 

E. Rock-Salt.—Three pieces of rock-salt were used. Their dimensions were— 
1st Piece. 2d Piece. 3d Piece. 

Length, . ; é 1:15 inch 2°15 inch 2°5 inch 
Breadth, . - ; eae ie ee ae Dee ad 
Thickness, ; ; O18 5: 0°36..4: Ort. 

For these pieces, as well as for the other substances, I am indebted to the kind- 

ness of Professor Forses. When placed behind the diaphragm, the farthest off 

surface was large enough to fill up the field of view,—that is to say, all rays from 

the cone striking the nearest surface, struck also the surface farthest off; the dis- 

tance between the two surfaces being the thickness of the piece. 

The following are the means of four sets of experiments :— 

Radiation from 1st or thinnest piece, ‘ F - ; 34 
2d or middle piece, : : : . : 4:3 
3d or thickest piece, . ; : ; 5:3 

This proves that more heat is radiated by a thick than by a thin piece of 

rock-salt. 

The following experiments were devised by Professor ForBEs, to confirm the 

above results. 

(a.) The second piece of rock-salt was placed obliquely behind the diaphragm, 

making an angle of 20° with the prolongation of the axis of the cone. A piece of 

fir-wood of the same dimensions was placed in the same way. The two sub- 

stances being compared in this position, and also in the usual position behind the 

diaphragm (viz., ees to the direction of the cone’s axis), the following 

was the result :— 
Oblique. Usual position. 

Rock-salt °36 inch thick, 4: : 
Wood, same size as rock-salt, i . ; 9-1 14.1 

In order that this experiment may be understood, it may be well to mention, 

that, when the plate was placed obliquely behind the diaphragm, it did not quite 

fill up the field of view. Hence the wood gave out less heat to the cone in this 

than in its ordinary position. 

It appears, therefore, that the radiation from rock-salt, in a direction making 

a small angle with the surface, bears a greater proportion to the corresponding 

radiation from wood than when both radiations are taken perpendicular to the 

surface. The reason undoubtedly is, that in the former case the rays come from 

a greater thickness of the substance, so that their intensity is increased. 
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(G.) The middle-sized piece of rock-salt was bound tightly to the thickest 

piece, with a slip of tin-foil between, so that the whole might cool as one piece, 

and thus obviate any objection that might be brought against the results, 

founded on the unequal cooling of the plates, owing to their thicknesses being 

different. 

The surface of the middle-sized piece facing the a Bey : j F 6°3 
That of the thickest piece, gave - F : 8:1 

The plates, therefore, still retained their tegiealie? of radiation; but the 

amount from each was increased, owing, no doubt, to reflection and radiation 

from the tin-foil. The radiation from the tin-foil may be estimated at 1:0, de- 

ducting which, we have 53 and 7:1; the increase now being due to reflection 

from the tin-foil. 
7. It thus appears, that while the difference between the radiating power of 

thick and thin glass is so small as not to be capable of being directly observed, 

there is a perceptible difference between the radiation from thick and thin mica, 

and a still more marked difference between the radiation from plates of rock-salt 

of unequal thickness. 

But (at least with the thicknesses used) the greatest radiations from mica 

and rock-salt were still below that from lamp-black, and the radiation from rock- 

salt greatly so. 

The following table exhibits the results of the second group of experiments :— 

TaB_e II. 

Radiation from Radiation from 
Substance, thick plate. thin plate. 

Glass, 4 ; : 4 : 100 100 

Mica, > ‘ : ; 100 89 

; Middle) 81 Rock-salt, CRA ads Srnegiir ery: 100 rh } Q 

Third Group of Experiments described. 

8. I now proceed to consider the third group of experiments, or those made 

with the view of comparing the radiations from various polished surfaces with 

that from lamp-black, as regards the quality of the heat; its quality being tested 

by its capability of transmission through a screen of the same material as the 

radiating plate. 

A. Glass.—In an experiment already described, where a plate of crown-glass 

05 inch thick was used as a screen, and a similar plate of crown-glass as the 

source of heat— 

We had, . ; : : 0:95 
A similar plate :1 inch thick a as the source e of heat, gave ink , 1°45 
Blackened paper attached to a similar surface of plate gia 3 inch thick, 

the blackened side being next the pile, : ' 1:95 
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Therefore heat from a thin plate of glass is less transmissible through glass 
than heat from blackened paper. 

B. and C.—No experiment of this nature was made with alum or selenite. 

D. Mica.—The apparatus already described gave— 
Without With mica screen, 
screen. *0025 inch thick. 

For window (the window, it will be borne in mind, is the radia- 
ting surface), ‘0009 inch thick, : : : : 11:2 2°5 

Window ‘02 inch thick, . 5 12-7 3'2 
Blackened paper attached to glass lying on the bottom of 

the boiling-water apparatus, gave . - 21:0 6:3 

We have therefore the proportion of heat panved by mica screen— 
For heat from thin mica window, . : ‘ ‘ ; 223 

thick ae ; é ; 4 : 260 
blackened paper, : ; . “300 

E. Rock-Salt.—The thickest piece of rock-salt ern ‘77 inch) being used as 
a screen, and the diaphragm withdrawn, in order to give greater results; the middle- 

sized piece of rock-salt gave— 

With screen. Without screen. 

The same screen stopped 3 rays out of 12 for ordinary lamp-black heat. 

This experiment is sufficient to show that rock-salt is much less diatherma- 

nous for heat from rock-salt than for ordinary heat. The common opinion, that 

rock-salt is equally diathermanous for all descriptions of heat, is therefore un- 

tenable. 

9. From the third group of experiments it appears, therefore, that heat emit- 

ted by glass, mica, or rock-salt, is less transmissible through a screen of the same 

material as the heated plate, than heat from lamp-black; this difference being 

very marked in the case of rock-salt. 

Fourth Group of Experiments described. 

10. I now proceed to the fourth group of experiments, or those made with the 

view of comparing the radiations of plates of the same substance, but of different 

thicknesses, with regard to the quality of the heat radiated. 

A. Glass.—It has been already shown (Art. 8), that heat from crown-glass 

‘05 inch thick is less transmissible through glass, than that from crown-glass 

‘10 inch thick. 

B. and C.—No experiments of the kind were made on alum or selenite. 

D. Mica.—It has been already shown (Art. 8), that heat from thin mica is less 

transmissible through a mica screen than heat from thick mica. ' 

E. Rock-Salt.—With a screen of rock-salt -18 inch thick, the following result 

was obtained :— 

Thickest piece of rock-salt, heated to 210° (thickness -77 inch), gave. 25 
Middle sized : ... (thickness *36 inch), gave. 1:7 
Thinnest piece Bs ... (thickness ‘18 inch), gave. i-1 
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Without any screen, the same pieces gave— 
Thickest, 3 3 ; : 3 ; : : : : : 4:9 
Middle-sized, : ; F ‘ . : : : F ‘ 4:1 
Thinnest, ; 4 é ; : : : : : j = 33 

Proportion of heat from thickest piece passed, s : : ‘51 
middle-sized_... } : : ; , “41 
thinnest he ‘ , : : 5 33 

A similar experiment, with a screen :29 inch thick, gave— 

With screen. Without screen. Proportion passed. 

Thickest piece, ; : ; ; ; 

Middle-sized, ‘ ‘ ; ; ; 1:8 4:5 ‘40 

Thinnest, . 4 : ; - ‘ ite 3:5 33 

It follows from this, that a screen of rock-salt passes heat from thick, more 

easily than heat from thin rock-salt. 

11. From this fourth group of experiments, we learn that heat from thick 

plates of glass, mica, or rock-salt, is more easily transmitted by screens of the 
same nature as the heated plate than heat from thin plates of these materials. 

The following table exhibits the results of the third and fourth group of ex- 

periments :— 

PWAB IE ie 

No. of Rays out of every 100 
that pass through a screen No. of Rays of Lamp-black 
of the same material as the | Heat, out of every 100 that 

source of Heat in 1st column, pass through the same 
the screen being of only one screen. 
thickness for each material. 

Source of Heat. 

Glass (crown ,j;thinchthick), . . 0°66 } 1:33 

Glass (crown jj5thinch thick), . . 1-0 

Mica (thickness ‘0009 inch), . . 22 30 

Mica (thickness ‘02 inch), . . . 26 

Rock-salt (thickness ‘18 inch), .  . 33 

Rock-salt (thickness ‘36 inch), . . 4] aes 82 (Art. 12) 

Rock-salt (thickness *‘77 inch), . . 50 

Results deducible from the foregoing Experiments. * 

12. These experiments, as well as others yet to be described, may be ex- 

plained by Prevost’s theory of exchanges, somewhat modified. 

In the first place, it would seem to be a consequence of this theory, that radia- 

tion must take place from the interior as well as from the surfaces of bodies. 

For suppose that we have two indefinitely extended surfaces of lamp-black, as 

in the figure, and between them a plate of rock-salt of a certain thickness, also 

indefinitely extended; and let the whole be kept at the same temperature. Then, 

VOL. XXII. PART I. c 
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since the temperature of the rock-salt remains the same, it must radiate as much 

as it absorbs. But a thicker plate of rock-salt, placed under the same circum- 
stances, would absorb more of the heat radiated from 

the lamp-black, because each ray would have to pass 

through a greater depth of the substance of the salt ; 

hence a thick plate of rock-salt must radiate more 

than a thin plate. Wesee, likewise, the reason for 

the small radiative capacity of rock-salt to be its 

small absorptive capacity. In order to prove this 

deduction from Prevost’s theory experimentally true, the following experiment 
was devised :— | 

A boiling-water canister, coated with lamp-black, was put behind the dia- 

phragm, filling up the field of view, and the three pieces of rock-salt heretofore 
used as sources of heat, were now separately used as screens, being put before 

the diaphragm, so that the heat from the canister had to pass through their sub- 

tance before reaching the cone. The following was the result :— 

Without any Screen of Rock- Screen of Rock- Screen of Rock- 
Screen. salt, -18 inch thick. salt, ‘36 inch thick. salt, -77 inch thick. 

Radiation from Canister, . . 21°3 17-6 16°8 15°8 

The difference between heat absorbed by plate, thickness=°18 inch, Is 1-2 
And that absorbed by plate, : : thickness = ‘36 inch, Mean 1:1 

Another similar experiment gives 0:9 

The difference between heat absorbed by plate, thickness = 36 aa Is 1-0 
And that absorbed by plate, : ; thickness =°77 inch, Mean 1:1 

Another similar experiment gives. : 1:3 

These should nearly correspond with the differences between the radiations 

from the same plates, under their ordinary circumstances of position (if the theory 

be true which asserts that the absorption of such a plate equals its radiation) ; 

accordingly we find that 

The difference between heat radiated by Plate, thickness =°18 inch 
And that radiated by plate, : thickness = 36 inch, Hoe 

While the difference between radiation of plate, thickness =-36 inch, Is 1:0 
And that Pe Re of plate, ... =-°77 inch, 

(Art. 6, mean of four sets of experiments). 

We see, therefore, that there is an agreement between the two sets of differ- 

ences, as near as can be reasonably expected. 

13. If we now suppose a plate of glass, and not a plate of rock-salt, placed be- 

tween surfaces of lamp-black, the plate, whether thin or thick, will allow scarcely 

any heat to pass through it ; and, consequently, plates of different thicknesses will 

all absorb very nearly the same amount,—that is, nearly all that enters them. 

In this case, therefore, the radiation (which is equal to the absorption) will be 

very slightly increased by an increase of thickness of the plate. Also the amount 
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of heat radiated, being equal to the heat absorbed, will be very nearly as great as 

that from lamp-black. 

14. There are, therefore, two peculiarities of the radiation from plates of dia- 

thermanous substances, and which are most marked for those substances which 

are most diathermanous. 

1st, That the amount of radiation from such plates is less than that from 

lamp-black. 

2d, That the amount of radiation from such plates increases with the thick- 

ness of the plate. 

The correlation between these different properties of bodies is seen from the 

following table :— 

TABLE IV. 

Bodies ranked according to 
the proportion by which their 
Radiation is increased by in- 

creasing the thickness. 

Bodies ranked according to 
their Diathermancy (most 

diathermanous first). 

Bodies ranked according to their Radia- 
ting Capacity (least radiating first). 

° 

A stratum of heated gas (from 
Melloni’s Experiments), A stratum of gas. 

Rock-salt. Rock-salt. Rock- salt. 

Mica. Mica. Mica. 

Glass. Glass. Glass. 

Selenite. Selenite. 

Alum. Alum, 

15. The reason why radiation has hitherto been supposed to be confined to 

the surface, or to an exceedingly small distance below the surface of a body now 

becomes obvious. The effect of coating a surface of polished metal with gum, for 

instance, is to increase the radiation; but, after a very small thickness of film, 

an additional coating is powerless to increase the radiation; the reason being, 

not that radiation is incapable, in all cases, of taking place, except at the sur- 

face; but because, such films being exceedingly impervious to heat of low tempe- 

ratures, the radiation from them is very little increased by increasing their thick- 

ness. 

Since, therefore, it appears that radiation takes place from the interior as well 

as from the surface of bodies, the question arises, are we to suppose each particle 

of each substance to have, at a given temperature, an independent radiation of 

its own, equal, of course, in all directions? A priord, this is the most probable 
supposition, and it seems likewise to be conformable to experiment. 
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In an experiment already described, 

A plate of crown-glass ‘05 inch in thickness being used as a screen, the quantity of heat 
radiated from crown-glass ‘05 inch thick that passed, was : 2 0:95 

While of that radiated from crown-glass, ‘10 inch thick, there passed - 2 1:45 

Another experiment gave— 

Quantity of heat from crown-glass ‘05 that passed, . ‘ La 
Quantity radiated from two plates of crown-glass, each - 05 inch thick, “the one placed 

loosely behind the other, . : : : : 4 : : : : 1°55 

From this we may infer, that the radiation from two plates of glass placed 

loosely behind each other, is the same as the radiation from a plate of double the 

thickness, and, consequently, that the radiation from a particle of a substance 

does not diminish, owing to its being placed in the interior.* 

17. Let us now refer to the radiations from rock-salt :— 

The radiation from a piece ‘18 inch thick, was. : : 3-4 
That from a piece ‘36 inch thick, was. : : 4°3 
That from a piece *77 inch thick, was. : 4 5:3 

Now, if we suppose the radiation of a particle in the interior to be as intense 

as that of a particle at the surface, why, it may be asked (since rock-salt is ex- 

tremely diathermanous), does not a piece of double the thickness give nearly a 

double radiation, and so on, the radiation increasing very nearly as the thickness? 

If we still hold the doctrine of an equal and independent radiation from every 

particle, we are shut up to the conclusion that rock-salt must be comparatively 

opaque to heat radiated by itself,—a result which is abundantly confirmed by 

experiment. 

Thus, while the radiation from rock-salt -18 inch thick, without any screen, 

is 3°4, with a screen of rock-salt -18 inch thick it becomes 1:1. 

If, therefore, we have a piece of rock-salt of double this thickness, or ‘36 inch 

thick, we should expect that the radiation from it would be =3:-4+1]:1=4°5. It 

is, in fact, 4:3. The difference (0°2) being within the limit of error of observation. 

In rock-salt, therefore, we may suppose each particle to have an independent 

radiation of its own, unaffected by its distance from the surface. 

18. We see, therefore, that the opacity of rock-salt with regard to heat radia- 

ted by itself, is a consequence of the admission, that the radiation from rock-salt 

does not increase so rapidly as the thickness increases; and this again results 

from the fact, that the absorption of heat by a plate of rock-salt does not in- 

crease so rapidly as the thickness increases. This, again, is due to the fact, that 

the first part of the plate of rock-salt sifts the heat so that it is more easily trans- 

mitted by the second part; and this confirms the results arrived at by Professor 

Forses, who, finding that rock-salt stopped heat of low temperature rather more 

* The idea of this experiment was derived from a remark of Professor Forpes, who suggested 
that several plates of rock-salt, the one behind the other, might be advantageously substituted for a 
thick plate of the same material, as giving the very same result. 
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readily than heat of high temperature, concluded that there are a few rays for 

which rock-salt is opaque.* 

We conclude, therefore, that every body which sifts heat in its passage through 

its substance, is more opaque with regard to heat radiated by a thin slice of its 

own substance, than it is with regard to ordinary heat. 

19. This conclusion may be also stated thus: We have before proved (Art. 12.) 

that the radiation of a thin slice of any substance equals its absorption; we now 

add, that the heat radiated is the same as that absorbed, with regard to quality 

as well as quantity. 

For this expresses the fact, that substances which sift heat are likewise opaque 

with respect to heat radiated by themselves. For, since the heat which they ab- 

sorb is manifestly that kind of heat for which they are opaque, if the descrip- 

tion of heat radiated is the same as that absorbed, then they will also be opaque 

with respect to heat radiated by themselves. Considering, therefore, the heat of 

any temperature to consist of heterogeneous rays, we may state the law thus: 

« The absorption of a plate equals its radiation, and that for every description of 

heat.” 

20. A more rigid demonstration may be given thus :—Let 

AB, BC be two contiguous, equal, and similar plates in the inte- : 

rior of a substance of indefinite extent, kept at a uniform tempe- ———~+——— 

rature. The accumulated radiation from the interior impinges | 

on the upper surface of the upper plate; let us take that portion © 

of it which falls on the particle A, in the direction DA. This ray, in passing 

from A to B will have been partly absorbed by the substance between A and B; 

but the radiation of the upper plate being equal to its absorption (since its tem- 

perature remains the same), the ray will have been just as much recruited by the 

united radiation of the particles between A and B, as it was diminished in inten- 

sity by their absorption. It will therefore reach B with the same ‘ntensity it 

had at A. But the quality of tne ray at B will also be the same as its quality at 

A. For, if it were different, then either a greater or a less proportion would be ab- 

sorbed in its passage from B to C, than was absorbed of the equally intense ray 

at A, in its passage between A and B. The amount of heat absorbed by the par- 

2 

* To take a numerical example, let us suppose the heat from a single plate of rock-salt to 
be =1, then the heat from a plate four times the thickness, or (which is the same thing) the heat 
from four single plates, one behind another, should be nearly four times as much, or = 4 (if we sup- 
pose the heat from each of these four plates to be readily passed by the plates between it and the 
pile), but the heat from the fourfold plate, instead of being four times as much, is not double of the 
heat from the single plate; hence, the heat from any of the interior plates of the compound plate is 
passed with great loss, by the plates between it and the pile. Now, since the absorption of a plate 
equals its radiation, the reason why the fourfold plate scarcely radiates twice so much as the single 
one is, that it scarcely absorbs twice as much ; and this again is due to the fact, that the heat after 
it has passed the first plate of the fourfold plate has become sifted, and passes with little diminution 
of intensity through the other three plates. 
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ticles between B and C would therefore be different from that absorbed by the 

particles between A and B. But this cannot be; for, on the hypothesis of an 

equal and independent radiation of each particle, the radiation of the particles 

between B and C is equal to that of the particles between A and B, and their 

absorption equals their radiation. Hence the radiation impinging on B, in the 

direction of DB, must be equal in quality as well as quantity to that impinging 

upon A; and, consequently, the radiation of the particles between A and B must 

be equal to their absorption, as regards quality as well as quantity; that is, this 

equality between the radiation and absorption must hold for every individual de- 

scription of heat. 

21. The following experiment illustrates this law :— 

The quantity of heat radiated from crown-glass ‘05 inch thick, which passes through 
a crown-glass screen, ‘05 inch thick, = 0-95 

While that from plate-glass °3 inch thick, covered with blackened paper (the 
blackened paper being next the pile), which passes through the same screen, 1°95 

But, if the surface of crown-glass ‘05 inch thick, farthest from the pile be 
coated with paper, the polished surface being next the pile, then the amount 
of radiation which passes the screen, . = 1°85 

And if three plates, the one behind the other, ‘of ecommegliase, each -05 inch 
thick, be used as the source of heat, the surface farthest from the pile of the 
farthest off plate only being covered with paper, the amount of radiation 
which passes the screen, . : t . : ‘ : = ee 

Such a plate of glass, or series of plates, therefore, by having the farthest off 

surface coated with paper, gives out heat similar to that from paper or lamp- 

black; the reason being, that the heat from the paper on the farthest off surface 

is as much recruited as it is absorbed by its passage through the glass, both as 

regards quantity and quality; so that the radiation which falls upon the cone is 

virtually that from paper or lamp-black. 

22. There is little difficulty in explaining why heat from a thick plate of any 

substance should pass more readily through a screen of the same substance than 

that from a thin plate. The reason is, that the heat from the interior of the 

thick substance, having been sifted in its passage, is, therefore, now more easily 

able to pass through a screen of the same substance. 

23. We see also why, generally speaking, bodies at the same temperature ra- 

diate the same quality of heat; let us, for instance, take a tolerably thick plate 

of glass, and a surface of lamp-black, and compare them together. Since the 

plate of glass absorbs nearly all the rays that fall upon it, it will radiate nearly 

as much as lamp-black ; and since the quality of the radiated is the same as the 

quality of the absorbed heat, its radiated heat will very nearly have the same 

quality as that which is radiated by lamp-black. 

The Influence of the Reflective and Refractive Powers of Bodies on theirRadiation considered. 

24. Hitherto, in these investigations, no account has been taken of reflection 

at the surfaces of the plates, because—1st, those rays only were considered which 
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' passed perpendicularly, or nearly so, through such plates; and, 2d, because the 

indexes of refraction for the substances experimented on were not very high. 

But for rays passing obliquely through such media, or for rays passing in any 

direction into substances, such as metals, we must take account of reflection from 

the surface, which will influence materially our results. 

Thus, no substance is so opaque for heat as metals, but yet only a small por- 

tion of the heat falling on them is absorbed, the rest being reflected back; conse- 

quently for such bodies the radiation (which must be equal to the absorption) 

is very small. 

It is also desirable, for another reason, to investigate the laws according to 

which the reflective nature of the surface of a body influences its radiation. For the 

question arises, Is the law of an equal and independent radiation of each particle of 

a body theoretically consistent with equilibrium of temperature? That is, suppose 

we have any irregularly-shaped inclosure walled round with a variety of substances, 

and each particle of each substance radiating into the inclosure, from the sides of 

which it is reflected many times backwards and forwards before it is finally ab- 

sorbed,—this being the case, will the law of equal and independent radiation, and 

those of reflection and refraction, so fit with one another, that every particle of the 

walls of the inclosure shall absorb precisely as much heat as it radiates? It will 

be endeavoured to show that these laws are so adapted to each other; and I shall 

select for the proof a definite form and description of inclosure, the conclusions 

arrived at rendering it highly probable (if not rigidly demonstrating) that the same 

adaptation will hold good for every inclosure, however irregular or varied. 

For those reasons, I shall now endeavour to investigate what connection the 

radiation of a substance has with the reflective power of its surface; and in doing 

so (in order to abstract entirely from the effects produced by the variable thick- 

ness of the radiating plate), I shall suppose it to be of indefinite thickness; so 

that all the heat which enters it is absorbed. Our consideration is, therefore, 

limited to the effects of one surface. 

25. Let AB be a portion of the line of section . ¥ 

of an indefinitely extended surface with the plane V/ LLB V/ 

of the paper supposed perpendicular to the sur- 

face, and let this surface belong to a body (M) 

of indefinite thickness downwards; also let \ 

there be an indefinitely extended surface of ~~ : A ie 

lamp-black parallel to this lower surface, as M \ 

in the figure. Lastly, let the whole be kept at } 

a uniform temperature. In order that the body - 

(M) may be maintained at this temperature, it is necessary that the heat which 
has left the surface AB, having come from the interior of (M), in the directions 
contained in any very small angle CAD, shall be replaced by an equal quantity of 
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heat entering the surface AB, to diverge into the interior through the same small 
angle CAD. For, by this arrangement, it is clear the particles in CAD get back 
as much heat as they give out. 

Part of the heat, no doubt, which fell on A in any direction DA, would be 

reflected back in the direction AD’, making the same angle with the surface as 

AD; but this loss would be made up for by part of the heat falling on A, in the 

direction D’A, being also reflected back in the direction AD. 

The internal reflection at A being thus compensated for, if the heat that really 

leaves the medium be also compensated for, then as much heat will be passing at 
A in the direction AD as will be passing in the direction DA. It will be the 

same, therefore, as if the body, instead of having a surface at A, were indefinitely 

extended upwards from A, as well as downwards; in which case, as has been 

already shown (Art. 20), there will be equilibrium of temperature, provided that 

the radiation of a particle is equal to its absorption, and that for every descrip- 

tion of heat. 

Before proceeding further with this investigation, it will be necessary to 
establish some preliminary propositions. 

26. 1st Preliminary Proposition. 

The heat which falls on the line AB in the directions contained in the very small 
angle CAD, is the same which falls on AE, perpendicular 

to EB, through the same very small angle. For every ray 

which fell on AB passed through AE, with the exception of 

a small quantity which passed through EF ; but the angle Ele 

EBF being very smal], EF is very small compared with 

AE, and consequently the heat falling on EF may be ne- 

elected in comparison with that falling on AE. 

It is clear also, that the heat falling on AB is proportional to AB, and to the 

size of the very small angle CAD. 

The above will still hold, if, instead of the substance of which AB is the sur- 

face being supposed below AB, and the rays falling on it through a vacuum, we 

suppose the substance to be indefinitely extended upwards, and the rays to 

originate in the substance itself, and fall on its surface AB. 

For, although any ray GE, which falls on E, will be partly absorbed between 

E and B, it will be as much recruited by the united radiation of the particles 

between E and B as it was absorbed; so far, indeed, as regards quality and inten- 

sity (from what has been already proved, Art. 20), we may consider such a ray 

to be traversing a vacuum, it being recruited just in proportion as it is ab- 

c D & 

sorbed. 
It is evident, also, that in this case the quantity of heat falling on AB will be 

proportional to the size of the very small angle CAD. 
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27. 2d Proposition. 

1st Case.—If AB represent a surface (the substance being below AB), and CF a 

surface of lamp-black indefinitely extended (as in Art. 25), 

from which rays fall on AB through a small angle CAD; = a 

then, if AE be drawn perpendicular to GB, the heat that peo RRO 

falls on AB will = a constant x AE, whatever be the 

value of the angle CAB. 

For, since the angle CAD is exceedingly small, CD may 

be considered very small in comparison with CF or CG; therefore the heat which 

impinges on AB through the angle CAD may be taken to be that which radiates 

from OG in directions between CA and DA; but, since the radiative power of lamp- 

black in any direction varies as the sine of the angle which that direction makes 

with the surface, this will = const.x AE. Hence, if Rx CAD be the quantity 

of heat which falls on AB, when AB is perpendicular to GB, that which falls on 

it when GB makes any angle GBA with AB, will be Rx CAD sinGBA. 

If 2 denote the angle which GB makes with the perpendicular to AB, then the 

heat impinging on AB will be Rcos7 x CAD. 

2d Case.—If the substance be above AB, and the rays falling on AB originate 

in the substance, the same formula will hold; for it has been shown, in Prop. 1st, 

that in this case, the heat falling on AB through the small angle CAD = that 

which falls on AE through the same small angle; but, since the radiation from 

the interior of the substance is the same in all directions (each particle radiating 

independently and equally in all directions), the amount falling on AE will not 

be affected by the angle which AE makes with the surface; hence the heat fall- 

ing on AB=const. x AE=const. x sinGBA. 

If R’ x CAD=quantity which falls on AB when AB is perpendicular to GB, that 

which falls on it when GB makes any angle GBA with AB, will be R’ x CAD sin 

GBA; also the expression corresponding to R.coszx CAD will be R’ cosz’ x CAD. 

28. 3d Proposition. 

Let a ray strike the surface of a medium, at an angle of incidence =i; and 

another ray at an angle of incidence i+ 0i, it is required to find the difference 

between the two angles of refraction. 

Let pu be the index of refraction, then, 

sini=p sin? 

Hence, ) (sin 7)= po (sin 2’) 

cos i Oi= ficos VOoVv 

; COS2 9g. 
Hence, ov = Tae oi 

29. I shall also make the following supposition with regard to the laws of re- 

flection and refraction. 
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lst, That if Q represent the quantity of heat falling on the sur- c 

face of a medium in any direction CA, and aQ be the quantity of 

heat reflected, then (1—a) Q is the quantity of heat refracted into 

the medium in the direction AC’. This follows from the law of 

the conservation of vs viva. ° 

2d, That if the same heat Q originate in the medium, and strike 

A in the direction C’A, the quantity reflected back into the medium will be aQ 

and the quantity refracted out in the direction AC will be (1—a) Q. 

30. These preliminary propositions being established, and suppositions made, 

let us suppose that heat from the surface of lamp-black strikes the surface AB of the 

indefinitely thick medium (Fig. Art. 25) through a small angle 67 (i being the angle 

of incidence), by Proposition 2d, the quantity of this heat will be R.cos7di; while 

the part of it which enters the substance we shall call(1—a@)R cosidi. These rays 

will diverge in the substance through an angle 8 = ee oi (Prop. 3). 

But the quantity of heat that falls on AB from the interior through this angle 
will be 

/ 

ie = OTe. reo ue ie ote 
R’ cos 67 =R’ cos # — i=— cosidi ph > pcos? 

and the portion of this which leaves the medium will be (ira) - cos 10%, 

Equating this with (1—a) Rcosidi, which enters the medium, we have 

T= or R’=pR. With this supposition, therefore, the law of an equal and 

independent radiation of each particle will give us equilibrium of temperature in 

the particular case under consideration. Had R’ been a function of 7, it would 

have shown that the law of an equal and independent radiation was inconsistent 

with equilibrium of temperature. 

31. Only part, however, of the heat from the lamp-black falling on AB en- 

tered into the medium, a portion of it =a@Rcosidz being reflected back to the 

lamp-black, hence the total quantity of heat radiated and reflected which leaves 

the surface AB through the small angle 67 will be = Reos70%, the same as if 

the substance had been lamp-black, the only difference being, that, in the case 

of lamp-black, all this heat is radiated, whereas in other substances only part is 

radiated, the remainder being reflected heat. 

32. Although we have considered only one particular case, yet this is quite 

sufficient to make the general principle plain. Let us suppose we have an inclo- 

sure whose walls are of any shape, or any variety of substances (all at a uniform 

temperature), the normal or statical condition will be, that the heat, radiated and 

reflected together, which leaves any portion of the surface, shall be equal to the 

radiated heat which would have left that same portion of the surface, if it had 

been composed of lamp-black. And, indeed, we may see, from what has been 
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already proved, that, should such a state of things only once take place, it would 

always remain, there being no disposition to alter it. 

Let us suppose, for instance, that the walls of this inclosure were of polished 

metal, then only a very small quantity of heat would be radiated; but this heat 

would be bandied backwards and forwards between the surfaces, until the total 

amount of radiated and reflected heat together became equal to the radiation 

of lamp-black.* 
33. The equation R’=yR must necessarily hold for every individual description 

of heat. We have, therefore, two laws necessary to the equilibrium of tempera- 

ture,—ls¢, That the absorption of a particle is equal to its radiation, and that for 

every description of heat; 2d, That the flow of heat from the interior upon the 

surface of a substance of indefinite thickness, is proportional ceteris paribus to its 

index of refraction, and that for every description of heat. It will, however, be 

borne in mind, that the former of these Jaws has been verified by experiment, 

while the latter is only deduced from a theoretical investigation. It will also be 

seen, that by increasing the thickness of the radiating plate indefinitely, the 

radiation becomes ultimately independent of the diathermancy of the plate and 

is regulated only by its refractive index. 

34. The connection which we have attempted to trace between the refractive 

and radiative power of a substance, presumes that those rays which we have been 

considering, have the power of forming wave lengths within the medium under 

consideration; that is, of being capable of proper reflection and refraction. 

It may be, however, that glass and other similar substances are so opaque, with 

respect to most of the rays of heat of low temperature, as to stop them almost 

entirely at the surface. 

As such rays may, therefore, be conceived to be absorbed within the limit of 

the physical surface of the medium, the corresponding radiation may be conceived 

to proceed from this physical surface. To such a case we may perhaps sup- 

pose reasoning similar to that of FourreR (as given by Professor Forbes in the 

* This will be clearly seen if we consider only those rays that are radiated perpendicular to the 
surface in the case of two parallel plates of polished metal of the same description radiating to one 
another. For let r be the common radiation of the point C in direction CD, and c 
of the point D in the direction DC, then since these radiations are bandied 
backwards and forwards in the directions CD, DC, until they are extinguished, | 
we have the total quantity of heat falling on D in the direction CD (if ar de- D 
note the proportion of r reflected after one single reflection) expressed as follows :— 

=r(l+a+a?+a3) 

rT 
= 5 =; (since a<1) 

Total heat radiated and reflected, _ r+ar+a'r+, &e. 
falling on D, : - +ar+ar+ar+, &. 

But 1 —a denotes the absorptive power of the metallic surface (all the heat not reflected being absorbed), 
Hence, since the radiative powers of bodies are proportional to their absorptive. powers (LEsiixz’s 
Inquiry), 1 being the absorptive power of lamp-black, the perpendicular radiation of a lamp-black 

point will be= — which is the very same expression we have obtained for the total heat radiated 

and reflected together, falling on D, in the same perpendicular direction from the metallic point C. 
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Philosophical Magazine for Feb. 1833) to be applicable; the intensity of radiation 

being therefore proportional to the sine of the angle which the direction makes 
with the surface. 

35. Let us now see, in conclusion, whether these investigations seem to point 

out any connection between internal radiation and conduction. 

Now, without in the least affirming that these are identical, there seem to 

be two points of similarity between them. 

1st, Since the heat which enters metals is all absorbed at a very small dep th, 

it follows that the flux of radiant heat from within upon the interior of a metallic 

surface is derived from a very small depth. 

Also, if we allow (what it has been endeavoured to prove, Art. 30) that the 

flux of heat upon the interior of a surface is proportional to the index of refrac- 

tion, this flux will be greatest in the case of metals, which may be supposed to 

have a very high refractive power; besides which, it will, as we have seen, be 

derived from a very small depth. The radiation of a metallic particle is there- 

fore very great. 

Now, if internal radiation be in any way connected with conduction, we might 

expect that good conducting substances should also be good internal radiators _ 

of heat, and we see they are so. 

2d, The second bond of similarity is this. It seems to be a law that sub- 

stances are almost invariably more diathermanous for heat of high temperature 

than for heat of low; consequently, at high temperatures, the radiation of a thin 

plate or particle of a substance will bear a smaller proportion to the total lamp- 

black radiation of that temperature than at low temperatures. The internal 

radiations of particles of bodies would therefore diminish at high temperatures 

(not absolutely, but with respect to the proportion which they would bear to the 

total radiation of these temperatures). If the same rule holds for metals, and 

conduction be connected with internal radiation, we should expect that at high 

temperatures the conducting power of metals would be less than at low tem- 

peratures. Now this has been proved to be the case by Professor Forses. 

9th March 1858. 
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Il.—On the Constitution of Flame. By Wittiam Swan, Esq. 

(Read 17th January 1859.) 

If we examine the flame arising from the combustion of any of the hydro- 

carbons, such as that of coal-gas, or of a common candle, it will be found to con- 

sist of several portions easily distinguishable by the eye, and in which the matter 

composing the flame exists in very different conditions. There is, fist, a central 

non-luminous region, in which the gases are not yet ignited; secondly, a blue 

conoidal envelope, extending from the wick or burner, and gradually thinning out 

towards the top of the flame; ¢hzrd/y, a more or less luminous conoid, thin to- 

wards the bottom of the flame, where it is enveloped by the blue conoid, but 

thicker towards the top. And fowrthly, a faintly luminous outer envelope, com- 

pletely surrounding the other portions of the flame, and greatly developed towards 

the top. 

In the blue part of the flame, where the supply of oxygen is abundant, the 

carbon seems to undergo combustion in a gaseous state along with the hydrogen. 

In the interior luminous region, where there is less free oxygen, carbon is disen- 

gaged in a solid form, and the brilliant light which is generated arises from the 

incandescence of its particles. The exterior envelope is supposed to consist of 

matter which has undergone combustion, but which is still at so high a tempera- 

ture, as to be incandescent. 

When a flame is urged by a blow-pipe, a large supply of oxygen is forced 

into it. The greater portion of the carbon, which otherwise would have ap- 

peared in a solid form, before undergoing combustion, is consumed in a gase- 

ous state. The blue part of the flame thus becomes greatly developed, and 

appears as a sharp well defined cone; while the faintly luminous envelope sur- 

rounding it also assumes a regular conical form. The inner blue and outer 

faintly luminous cones are well known to chemists as possessing very diverse 

properties. In the outer cone, from the presence of an excess’ of oxygen, bodies 

become rapidly oxidated ; while in the inner cone, from the redundance of uncom- 

bined inflammable matter, a powerful deoxidizing energy is exerted. Such are 

the principal facts hitherto recognised regarding the constitution of flame. 

Two years ago, when I was engaged in a series of experiments on the pris- 

matic spectra of the flames of the hydro-carbons, my attention became directed to 

Professor DRAPER’s very ingenious paper, “On the Production of Light by 

Chemical Action,” in the 32d vol. of the London Philosophical Magazine. In 

that paper, the author advances an entirely new view regarding the nature of 
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flame, founded on the principle, that ‘“‘ There is a connexion between the re- 

frangibility of the light which a burning body yields, and the intensity of the 

chemical action going on; and that the refrangibility always increases as the 

chemical action increases.’”’* On this principle, Professor Draper reasons as fol- 

lows :—‘“ All common flames, as is well known, consist of a thin shell of ignited 

matter, the interior being dark, the combustion taking effect on those points only 

which are in contact with the air. From the circumstances under which the air 

is usually supplied, this ignited shell cannot be a mere mathematical superficies, 

but must have a sensible thickness. If we imagine it to consist of a series of 

strata, it is obvious that the phenomena of combustion are different for each. 

The outer stratum is in absolute contact with the air, and there the combustion is 

most perfect ; but by reason of the rapid diffusion of gases into one another, cur- 

rents, and other such causes, the atmospheric air must necessarily pervade the burn- 

ing shell to a considerable depth; and in the successive strata, as we advance in- 

wards, the activity of the burning must decline. On the exterior stratum oxy- 

gen is in excess, at the interior the combustible vapour, and between these limits 

there must be an admixture of the two, which differs at different depths.” Ad- 

mitting the principle already enunciated, Professor Drarer adds,— It follows, 

that each point of the superficies of every flame, no matter what the combustible 

may be, must yield all the colours of the spectrum, the violet coming from the 

outer strata, the yellow from the intermediate, and the red from those within. 

If we could isolate an elementary horizontal section of a flame, it should exhibit 

the appearance of a rainbow ring.” + 

The results [ had obtained in my experiments, led me to doubt the correct- 

ness of these views; for I found, that while the envelope of a hydro-carbon flame 

formed an absolutely continuous spectrum, extending from about the line C nearly 

to the line H of Fraunnorer, the bright inner cone formed a totally independent 

spectrum of superior brilliancy, also quite continuous, and of still greater extent; 

and the blue cone had a remarkable interrupted spectrum, peculiarly its own, whose 

extreme visible portions lay, respectively, between the lines D and E, and close to 

the line G of FRauNHoFER. While my experiments thus amply confirmed what 

was already known regarding the very diverse character of the different portions 

of a hydro-carbon flame, they at least did not corroborate the idea of the re- 

frangibility of its light, varying from its outer to its inner regions. Thus, 

the envelope, the blue conoid, and the bright conoid, which successively enclose 

each other, all produce spectra, having rays corresponding with the lines B and 

G of FRAUNHOFER; lines which differ greatly in refrangibility. It was, moreover, 

a matter of perfect indifference, so far as I could ascertain, from what precise 

point the light was derived. Whether the light were taken from near its outer 

* Philosophical Magazine, vol. xxxii., p. 1038. ¢ Ibid., vol. xxxii., p. 104-105. 
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or inner surface, each conoid always produced its own peculiar spectrum, or rays 

of the same refrangibility. In describing my experiments, however, I purposely 

made no reference to Professor Drarer’s peculiar views, for I had not then had 

leisure to examine them with sufficient care. The object of the present paper is 

to state the result of a careful repetition of the principal experiments by which 

Professor DRAPER conceives he has demonstrated the existence, in flame, of con- 

centric layers producing light of varying degrees of refrangibility. 

Professor DraPrr’s method of analysing the light of a flame, which is exceed- 

ingly ingenious, is thus explained by him. “The instrumental arrangement I have 

employed is as follows:—The rays of the flame, of which the examination is to 

be made, pass through a horizontal slit one-thirtieth of an inch wide*and one inch 
long in a metallic screen, and are received at a distance of six or eight feet on a 

flint-glass prism, the axis of which is parallel to the slit. After passing the prism, 

they enter a small telescope, which has a divided micrometer, and also parallel 

wires in its eye-piece. Through this telescope the resulting spectrum is viewed.’’* 

The reason why the slit is placed horizontally, and the light refracted in a vertical 

plane, he states to be as follows :—‘In this arrangement the slit should be hori- 

zontal, and not vertical. So far from its being immaterial which of the two posi- 

tions is selected, very great advantages arise from the former. If the slit be ver- 

tical, the prism, it is true, will separate the constituent colours from one another ; 

but it fails to show their relative position. If it be horizontal, the relative positions 

of the different colours can be demonstrated; and it can be proved that a hori- 

zontal section of aflame is in reality, as has been already remarked, a coloured ring, 

the red being the innermost colour, and the violet outside; for if this is the order 

in which the colours occur, the red ring must necessarily have a less diameter 

than the green, and the green than the violet ; and when the prism, set in a hori- 

zontal position, separates those colours from each other, the sides of the resulting 

spectrum ought not to be parallel, but inclined to one another, the breadth being 

least in the red, and increasing as we pass to the violet end.” “This being under- 

stood, I may illustrate the facts now to be brought forward by an example of the 

prismatic analysis of a horizontal element of the flame of a spirit-lamp, it being 

understood that the prism is at its angle of minimum deviation, and the spectrum 

seen through the telescope. All the prismatic colours, in their proper order, are 

visible, the sides of the spectrum not being parallel, the inclination being quite 

rapid towards the red extremity, the rays of which come from the interior of the 

flame where the diameter is less. Mere inspection is sufficient to show the rapid 

approach of the red sides to each other; and I satisfied myself that even in the 

more refrangible regions there is the same want of parallelism, by rotating the 

telescope on its vertical axis, so that the vertical wires in-its eye-piece might coin- 

* Tbid., pp. 101-2, 
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cide with first one and then the other side of the spectrum.” ‘“ But further, the 

yellow space of such a spirit-flame spectrum is crossed by a bright fixed line— 

Sir David Brewster’s monochromatic ray. It is a beautiful example of the prin- 

ciples just pointed out in this method of horizontal analysis, being of much greater 

width than the rest of the spectrum, and recalling to the imagination the appear- 

ance of Saturn’s ring when nearly closed, and seen through a telescope of moderate 

power. This ray, from its superior breadth, must necessarily come from that 

pale, tawny light which invests the bright part of the flame.”* On this state- 

ment I will meantime only remark, that while, according to Professor Drapsr, 

the yellow space corresponding to the line D of Fraunnorer, has a much greater 

width than the rest of the spectrum, and while the inclination of the sides 

towards the red end of the spectrum is described as being “ quite rapid,” mere 

inspection sufficing to observe it, no such marked variation in breadth was observed 

in the more refracted portions of the spectrum. Professor DrarrEr says, he 

“satisfied” himself that even in the more refrangible regions there is the same 

want of parallelism by rotating the telescope on its vertical axis, so that the ver- 

tical wires in its eye-piece might coincide with first one and then the other side 

of the spectrum.” From this it is obvious that the supposed want of parallelism 

in the more refracted portion of the spectrum was so small as to be insensible to 

the unassisted eye, and required instrumental means for its detection. We are 

told that the breadth of the spectrum was ascertained by rotating the telescope on 

its vertical axis, so as to cause the wires in the eye-piece to coincide, alternately, 

with first one and then the other side of the spectrum; but we are nowhere in- 

formed in what manner the amount of the rotation was ascertained. It seems, how- 

ever, to be highly probable, that since it took place round a vertical axis, the readings 

in the two positions of the telescope would give the difference of azimuths of the 

two sides of the spectrum. It is to be regretted that Professor DRAPER has not 

described his method of observation more explicitly ; for I shall show in the sequel 

that the validity of his results depends entirely on whether the observations were, 

or were not, observations of azimuth. 

I will now describe my own experiments. The flame to be observed was 

placed behind a horizontal metallic slit, 0°05 inch in width, and of sufficient 

length to allow the entire breadth of the flame to be seen. To prevent the 
disturbing effects of currents of air, the flame was surrounded by a four-sided 

sheet-iron chimney, having on the side next the slit an aperture covered by a 

piece of fine sextant glass, through which the light passed to the slit without 

undergoing any irregular refraction capable of affecting sensibly the results. 

The prism used was kindly lent me by Professor Forpes. It is a fine flint- 

glass prism, the workmanship of Secretan of Paris. The instrument employed 

for observing the spectrum was an excellent theodolite, constructed expressly for 

* Tbid., pp. 106-7. 
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observations of prismatic spectra, by the late Mr Joun Apir. The telescope 

of this instrument is attached to an arm turning on the centre of a divided circle, 

so that the axis of the telescope is always in the plane of the circle. The stand 

which carries the prism also turns, independently, on the centre of the circle; so 

that although the telescope be moved through any angle to observe the rays re- 

fracted by the prism, the prism itself suffers no displacement. The prism-stand 

has screws by which the faces of the prism are made perpendicular to the plane 

of the circle. The circle was mounted on a temporary, but firm stand, so that its 

plane was vertical ; and the distance of the prism from the flame was 15} feet 

nearly. During the observations, the prism suffered no displacement, except the 

very small one occasioned by turning it round its own axis, to bring it to its 

positions of minimum deviation for the different rays of the spectrum. The ro- 

tation necessary to effect this could not exceed, from the ascertained dispersive 

power of the prism, an angle of 2°; so that the length of the path of rays pro- 

ceeding from the flame through the prism to the eye was nearly constant; and 

hence the apparent distance of the flame, and its angular breadth, was sensibly 

the same in all positions of the telescope and prism. The telescope has a good 

object-glass of 1°6 inch aperture; and, with the eye-piece used in the observations, 

magnified twenty-one times. It is furnished with a micrometer, having a fixed 

wire in the centre of the field, and a moveable cross of wires. : 

The observations were made by first carefully adjusting the telescope to focus, 

and the prism to its position of minimum deviation. By means of a screw 

connected with the stand, the circle carrying the prism and telescope was 

moved round a vertical axis until the fixed micrometer wire coincided with one 

side of the spectrum. The moveable cross was then, by means of the micrometer 

screw, made to coincide with the other side of the spectrum; and the turns and 

parts of a turn of the screw read off. From the previously ascertained deviations 

by the prism for the principal lines of FRaunHoFER, and the theodolite reading 

when the slit was viewed directly, it was easy to place the telescope so as to 

observe rays of any given refrangibility. Those chiefly observed corresponded 

with the lines B, and G of Fraunnorer. It did not seem expedient to ob- 

serve the extreme rays of the spectrum, as the faint illumination of these rays 

rendered their observation both difficult and unsatisfactory. The flames first 

examined were those of coal-gas, burned from a common jet with a single aper- 

ture. The spectrum observed was that of the luminous incandescent carbon 

conoid of the flame. The gas was supplied directly from the street pipes; but 

it was passed through one of Mitne’s regulators, in order to guard against 

the effects of varying pressure in altering the size of the flame. The flame, 

although subject to periodical fits of elongation, and slight lateral displacement, 

speedily returned to a nearly constant condition, and the observations were upon 

the whole satisfactory. They are exhibited in the following tables :— 
VOL. XXII. PART 1. G 
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OBSERVATIONS OF THE BREADTH OF THE SPECTRUM OF A COAL-GAS FLAME. 

Line of 
Spectrum First Set of Observations. | Second Set of Observations. | Third Set of Observations. 
Observed. 

157 125 103 

152 124 105 

G 153 123 | 102 

The numbers in the table are, in the first set of observations, the means of 

seven micrometer readings, and in the second and third sets, the means of twenty- 

four and eight readings respectively. 

It will be seen that so far from the spectrum increasing in breadth towards its 

most refracted extremity, the measured breadths at the line G in the blue rays, 

are actually in every case less than those at the line B in the red rays of the spec- 

trum.* 

Having found the flame of gas, notwithstanding every precaution, to be sub- 

ject to anomalous fluctuations, and being desirous, moreover, to repeat Professor 

Draper’s experiments as faithfully as possible, I next observed the flame of a spirit- 

lamp fed by alcohol. It will be remembered that the spectrum of the flame of 

alcohol is that which he describes to illustrate his views. I did not anticipate, 

however, that such a flame would be convenient to experiment upon, from the 

faintness of its light; and, in effect, [found it was impossible to illuminate the field. 

so as to be able to see the wires without rendering the violet end of the spectrum 

invisible. I therefore observed with faintly illuminated wires on a dark field; 

and, instead of making contacts with the wires at different points of the spectrum, 

I varied the mode of observation, by carefully adjusting the wires to the breadth 

of the spectrum at its red end, and then “sweeping” its whole length. The 

wires seemed to jit the spectrum equally well at all points, so that no variation 

in breadth could be detected. 

In order to avoid the difficulty of observing a faint spectrum, and at the same 

time to obtain a flame which would remain sensibly of the same size for a con- 

siderable time, I devised the following method. Volatile liquids, such as naphtha 

or turpentine, seemed preferable to the fixed oils, because, from their greater 

fluidity and freedom from viscid matter, they flow more freely through a cotton 

wick, and less rapidly impair its transmitting power; while from their volatility, 

and consequent rapid evaporation, the wick remains cool, and is scarcely at all 

burned. Both conditions are highly favourable to the maintenance of a constant 

* It may be proper, in order to explain the different values for the same line of the spectrum 
in the different sets of observations, to remark that these were made on different days, and on flames 
of different dimensions. 
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flame. There was, however, an inconvenience to be anticipated. Most of the 

hydro-carbons which burn brightly, such as turpentine, are so rich in carbon that 

they produce a very smoky flame; and when they are employed to give light, as in 

the common camphine and paraffine oil lamps, special arrangements are needed 

for consuming their smoke by directing a powerful current of air against the flame. 

It was not convenient to adopt any of these arrangements; and it occurred to me 

that I should obtain a smokeless, but sufficiently brilliant flame by burning a 

mixture of two liquids, the one rich, and the other poor, in carbon, such as tur- 

pentine (C,H,) and alcohol (C,H,O,). The liquids I selected were common coal 

naphtha and wood spirit; and I found that a mixture of about three volumes of 

commercial wood spirit to one volume of coal naphtha produces a flame neither 

less brilliant, nor more smoky, than that of an ordinary wax taper.* 

I may remark, that, for the purpose I had in view, there seems no objection to 

the use of such a compound liquid as I have described; for I have shown else- 

where that all the hydro-carbons in burning produce similar spectra,—the only 

difference being, that the spectrum produced by the incandescent solid carbon, or 

by the envelope of the flame, is brighter in some cases than in others. 

The following tables contain the observations made on the flame of a mixture 

of coal naphtha and wood spirit :— 

OBSERVATIONS OF THE FLAME OF CoaL NAPHTHA AND Woop SPIRIT.t 

First Set of Observations. 

Line B. Line 0. 

130 138 

135 II. 135 

134 136 

138 140 

135 V. 139 

136 133 

Means 134-07 136°83 

Mean observed breadth of spectrum=134°72. 

* This flame might be used for household purposes, and probably also with advantage in experi- 
ments where an invariable source of light is wanted. The liquids, although both smell disagreeably, 
emit no perceptible odour in burning. 

} Each number in this and the following table is a single micrometer reading. 
¢ The observations in this and the following table, on the various lines of the spectrum, were 

made in the order of the numbers I, II.....VI., in order to eliminate the effect of any gradual 
change in the dimensions of the flame. 
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Second Set of Observations. 

ae 130 vr 

Means 126:67 

Mean observed breadth of spectrum = 127-06. 

In the following tables the above numbers have been corrected by subtracting 

the index error of the micrometer=6°52. 

Comparison of Observations. 

First Set of Observations. Second Set of Observations. 

Difference from Difference from 
Mean Breadth. 128:20 Mean Breadth. Mean Breadth. 

Breadth at B, , 128°15 — 0-39 

: b, ‘ 130°31 + 1:27 

126:15 — 0°89 

The Observed Dimensions of the Flames reduced to inches.* 

First Set of Observations. Second Set of Observations. 

Difference from -19268 Difference from 
Mean. 

Mean Breadth. -20493 M. 
ean. 

—°00009 19206 —-00062 Breadth at B, ; -20484 

19471 + °00203 a b, : "20830 +°00337 

‘20167 — 00326 19126 — 00142 

* These dimensions were derived from the numbers in the preceding tables by multiplying by 
0:0016, the value of a micrometer division in inches ; and that was ascertained by observing an 
accurate inch ivory scale placed in contact with the slit through which the flame was viewed. 
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These observations completely verify the results obtained with the flames of 

coal-gas and of alcohol. It will be seen that the greatest observed difference in 

breadth between the red and blue regions of the spectrum was only -003 inch, a 

discrepancy fairly within the limits of errors of observation. The observations, 

therefore, lead to the conclusion, that the structure which Professor DRAPER sup- 

poses to occur in flame has really no existence. 

The question now arises, how are we to explain the inequality in breadth of 

the spectrum, as observed by him? There seems certainly considerable difficulty 

in accounting for the “ rapid inclination of the sides at the red end of the spec- 

trum,” which he describes. From the effect of irradiation, every spectrum will 

appear slightly broader towards the middle, where the light is more brilliant, than 

towards the ends where it is comparatively feeble; a fact illustrated by my own 

observations, which exhibit a greater observed breadth at the line } of the spec- 

trum than at the lines Band G. Now, as the brightest point,—about the line 

D,— occurs in the spectrum of a flint-glass prism much nearer the red than the 

violet extremity, the variation in brightness will be much more rapid from the 

extreme visible red rays to the line D, than from the line D to the extreme violet 

rays. Hence we may expect any apparent inequality of breadth, due to irradia- 

tion, to be most conspicuous at the red end of the spectrum, where the brightness 

of the light varies most rapidly. Ihave not, however, observed any contraction in 

breadth at the red end of the spectrum, which I should describe as “rapid ;” and 

any notable contraction certainly did not extend beyond the line B. 

The apparent want of parallelism which Professor Draper conceives he has 

discovered by instrumental means in the more refracted portions of the spectrum 

admits however of an easy explanation, if I have rightly understood his method 

of observation. It will be recollected that this seems, from his description, to 

have consisted in measuring the difference of azimuths of the two sides of the 

spectrum. | Now, such a process could not fail to give erroneous results; for it 

may be easily shown, that if 

d=the angular horizontal breadth of the spectrum at any point, 

z=the zenith distance, and 

6=the observed difference of azimuths of the sides of the spectrum, 

Sin 4 6=sin 3 d cosec z; 

or if d and @ be small, 

d=d cosec 2. 

Now, 2 varies from point to point of the spectrum; whence the observed 

breadth 6 would also vary, even although the true breadth d remained constant. 
Moreover, the flame would probably be placed about the same level with the 

observer's eye, so that its zenith distance, when viewed directly, would be nearly 
90°. According, therefore, as the light was refracted upwards or downwards, z 

VOL. XXII. PART I. H 
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or 180°—z would be least, and consequently 6 would be greatest, for the most re- 

frangible rays: and the spectrum would appear wider towards the more refracted 
end. 

This may possibly explain the difference of breadth in the more refracted 

regions, as actually observed by Professor DraPpER—a difference confessedly small 
—even although irradiation, by increasing the apparent breadth of the brighter 

and less refrangible regions of the spectrum, must have produced a slightly com- 
pensating effect. 

I must not omit referring here to one of Professor DRApER’s observations, 

which I have completely verified, namely, the greatly superior breadth of the 

yellow line R of Fraunnorer, when observed by his method, compared with the 
rest of the spectrum. The reason he assigns for this striking phenomenon is un- 

questionably correct, namely, that the homogeneous yellow light of a flame pro- 

ceeds from its envelope. It must not be supposed, however, that this fact affords 

the slightest evidence in favour of his peculiar views regarding the constitution of 

flame ; for I have elsewhere shown,* that the envelope of a flame produces light 

of all degrees of refrangibility between the limits (nearly) of the lines D and G of 

FRAUNHOFER, while rays of precisely the same degrees of refrangibility are pro- 

duced by the bright interior conoid of the flame. 

I will now advert to an objection which I can imagine may be made to the 

conclusion I would derive from my observations. It may be argued, that if such 

a. connexion exist between the temperature of combustion, and the refrangibility 

of the resulting light, as Professor DraPErR assumes, and if he be correct in 

thinking that the temperature of a flame increases from the interior to the 

exterior, then there must be a series of strata of different colours, even although ob- 

servation may fail in detecting them. To this I would reply, that the instrumental 

means I have employed were certainly capable of detecting any such structure, 

provided its thickness was not much less than ‘005 inch; and if we suppose it 

confined to such narrow limits, it must cease to be regarded as the general struc- 

ture of the flame, whose walls greatly exceed such a thickness. If, moreover, we 

adopt the notion of such an extremely thin stratum of varying colour, it will be 

difficult to imagine so great a variation of temperature from point to point of its 

very small thickness as will be necessary to produce the corresponding diversity 

of colour, which is supposed to exist. 
Having now shown that a careful series of experiments have failed to afford 

any evidence in favour of Professor Drarrr’s theory of the constitution of flame, 

I will next examine the reasoning by means of which he endeavours to demon- 

strate his views a priori. It seems to me that he makes two quite gratuitous 

assumptions. If we refer to his experiments on the “ Production of Light by 

* Edinburgh Transactions, vol. xxi., p. 71. 
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Heat,”’* we shall find that an ignited slip of platinum, at the temperature of 1210” 

Fahrenheit, produced a spectrum extending from the line B nearly to the line F of 

FRAUNHOFER. Hence the supposed innermost ring of a flame which produces light 

of no higher refrangibility than that of the line B, ought, on Professor DraprEr’s 

principles, to have a considerably ower temperature than the platinum slip. 

Now, considering the well-known extremely high temperature of flame, are we 

entitled to assume that any luminous portion of it has so low a temperature as 

1210° of Fahrenheit ? 

If, further, we examine the experiments which Professor Draper adduces to 

prove that increased temperature produces light of increased refrangibility, we 

shall find that these were either observations of the spectra produced by a strip 

of platinum whose temperature was varied by transmitting through it a voltaic 

current of varying power, or observations of the spectra arising from a piece of 

ignited charcoal brought to a high temperature by means of a stream of oxygen, 

and then allowed to cool. It was found, in either case, that, as the temperature 

rose, rays of continually higher refrangibility were produced, which in their turn 

successively disappeared as the temperature fell. It must, however, be bornein mind 

that rays of high were always accompanied by rays of low refrangibility. Thus, when 

the temperature of the platinum rose from 1210° Fahrenheit to 2130°, the spec- 

trum lengthened from the line F to the line H of Fraunnorer; but at both tem- 

peratures it reached to the line B in the ved; and, at the higher temperature, it 

actually extended further than at the lower, towards the extreme red rays of the 

solar spectrum. It therefore follows, that the higher the temperature, not only 

the more refrangible, but the less refrangible are the rays which are produced. 

This fact, most important in its bearing on the question we are discussing, seems 

to have been completely overlooked by Professor Draper in his speculations on 

flame. Assuming that a point at the outer surface of a flame is of higher tempe- 

rature than one inside, he argues that the outer point will produce rays eaxclu- 

sively of a certain high degree of refrangibility, while the inner point will pro- 

duce less refrangible rays; while the correct deduction from his experiments 

simply is that the outer point will produce a more extended spectrum than the 

inner. The outer point might alone produce light of high refrangibility ; but both 

in common would produce light of low refrangibility. Professor DRAPER’s method 

of analyzing flame would therefore fail in exhibiting a spectrum with converging 

sides ; for the extreme red rays would be emitted by the outer as well as by the 

inner regions of the flame; and, consequently, the red end of the spectrum would 

be of the same breadth as the violet. All, therefore, which can be fairly deduced 

from his principles is, that the outer regions may produce a longer spectrum and 

a brighter light than the inner; but there seems great reason to doubt whether 

* Philosophical Magazine, vol. xxx., p. 349. 
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the difference of temperature at different points of a flame be really so great as to 

affect the quality of the light to an appreciable extent. 

This will appear, if we adopt a method of examining flame, much simpler than 

prismatic analysis, and, for the purpose, probably more delicate. I mean simply 

looking at the flame. If the doctrine of concentric rings of various colours were 

really true, we should perceive, on looking through the flame in a line passing near 

its centre, the resultant tint due to the combination of all the colours in nearly equal 

proportions. But if we looked through the edge of the flame, the line of vision would 

cut each successive coloured ring more and more obliquely as it passed towards 

the interior of the luminous matter. We should therefore look through a greater 

thickness of the inner rings than of the outer. The result would be to give a pre- 

ponderance to the inner tints, so that the apparent colour of the flame would vary 

from the middle towards the edges, at first slowly, then more rapidly, until at 

length, at the edges, we should see only the colour of the very outermostring. I 

have failed to detect any such variation of colour in the fiames I have examined. 

I therefore infer that each of the three conoids of a hydro-carbon flame has sensibly 

the same tint throughout its entire thickness. 

In my paper on the spectra of the flames of the hydro-carbons, I have described 

experiments which lead to the same conclusion, but to which I can only here refer, 

without entering into details. There is, however, one experiment, which is easily 

performed, and which I have not before described. By holding a piece of plate- 

glass over the smokeless flame of a Bunsen lamp, and looking downwards through 
the glass, a tolerably good horizontal section of the flame is obtained. It is then 

seen that both the inner blue cone and the envelope of the flame are sensibly homo- 

geneous in colour throughout their entire thickness. 

We may also verify a conclusion which I have stated in the paper already 

referred to, namely, that when common salt is placed in a flame, the envelope 

alone becomes yellow, while the inner blue cone remains unaltered in colour. 

This is strikingly apparent on looking down in the manner described, and intro- 

ducing salt into the flame. The outer mantle changes at once from purple to 

bright yellow, while the inner blue conoid remains quite unaltered in tint; and 

this is the case, whether the salt is brought into contact with the outer mantle or 

the inner conoid. Possibly this phenomenon may be explained by supposing that 

the sodium of the salt is reduced to the metallic state by the free hydrogen of 

the inner conoid, and that its vapour burns exclusively in the outer mantle, pro- 
ducing the yellow tint only in that region of the flame. 



eet”) 

IIl.—On the Gradual Production of Luminous Impressions on the Eye: Part I. 

being a description of an Instrument for producing isolated luminous impres- 

sions on the eye of extremely short duration, and for measuring their intensity. 

By Wittiam Sway, F.R.S.E., Professor of Natural Philosophy in the Uni- 

versity of St Andrews. 

(Read 4th April 1859.) 

In 1849 I presented to the Royal Society of Edinburgh a paper ‘“‘On the Gra- 

dual Production of Luminous Impressions on the Eye.” The object of that com- 

munication was to investigate the laws of the production of visual impressions. 

The subject was then new; for although the fact that light requires a certain 

time to produce its full effect on the eye had been noticed at comparatively early 

periods, yet no one, so far as | am aware, had attempted to measure that time ; 

and the whole subject of the production of visual impressions, regarded as a 

branch of experimental science, was quite untouched.* I have frequently wished 

to resume a subject of inquiry which seems to me to merit more attention than 

it has hitherto received, and which I have not as yet been able to discuss so com- 

pletely as I could have desired. Various portions of it demand more extended 

experiments. Among these may be specified, the examination of isolated im- 

pressions of shorter duration than my limited instrumental means had enabled 

me to observe; a more careful determination of the time required for light to 

produce its complete effect on the eye; and a series of observations on the eyes of 

various individuals, so that any personal peculiarity of vision, which might affect 

results derived exclusively from experiments on my own eye, might be eliminated. 

These, and other subjects of inquiry, I hope sooner or later to overtake ; and, in- 

deed, I had anticipated before the end of the present session of the Society to have 

been able to obtain some experimental results. In this I have been disappointed, 

owing to the instruments required for my observations having taken a much 

longer time to make than I had expected. 

The observations of impressions of very short duration is attended with much 

difficulty. The method of observation which I devised in 1848 is to cause a disc, 

with a sector cut out of it, to revolve with an uniform velocity between the eye 

and a luminous object. At each revolution a flash of light is perceived as the 

sector crosses the line of vision,—the time during which each flash acts on the 

eye depending on the angle of the sector and the velocity of rotation of the disc. 

The brightness of the resulting visual impression is ascertained by photome- 

* See Moigno, “ Repertoire d’Optique,” vol, ii., p. 563. 

VOL. XXII. PART I, I 



34 PROFESSOR SWAN ON THE GRADUAL PRODUCTION 

trical arrangements, which are fully described in my paper.* By such means I 

succeeded in measuring the brightness of luminous impressions caused by light 

acting on the eye for short intervals of time, varying from a tenth to a thousandth 

of a second. 

There are obvious limits to the applicability of this method of experiment- 

ing when itis attempted to examine isolated impressions of excessively short 
duration. To shorten the impression, we may either diminish the angle of the 

sector or increase the velocity of the disc, but whichever of these methods we 

adopt, we very speedily arrive at limits which either cannot be overpassed at all, 

or can only be so at the cost of great inconvenience. The velocity of the disc is 

absolutely limited. If we attempt to drive it faster than about 10 revolutions per 

second, the successive flashes become blended into a single impression, more or less 

uniform ; and as the eye no longer distinguishes them as separate, so we can no 

longer perceive, or measure, their separate intensities. Again, if we shorten the 

impressions by diminishing the angle of the sector, we quickly arrive at a practical 

limit from the smallness of the angle required, even with a disc of considerable 

diameter. This difficulty may be overcome in theory by increasing the diameter 

of the disc, while the sector is made of the smallest practicable angle ; but a very 
large disc would obviously be an extremely inconvenient instrument to work 
with. 

I have from time to time thought of various mechanical expedients, more or 

less feasible, for obviating this difficulty, but I have never been sufficiently satis- 

fied with any of them to attempt their construction. Last autumn, however, I 

devised an arrangement so simple that I resolved to put it in practice. Suppose 

a disc with a sector cut in it to revolve between the eye and a light 100 times per 

second. The eye would in every second receive 100 impressions, and if the sector 

were —_ th of the circumference of the disc, each impression would be made in 
1000 

aaa th of a second; but, from the high velocity of rotation, the observer would 

be conscious only of an uniform light,—the aggregate of all the nearly instantane- 

ous flashes blended into a single impression. The instrument which I have to 

describe has for its object to select a s¢ngle impression out of the hundred, to con- 

vey it to the eye isolated and alone, and to measure its brightness; while the 

remaining 99 impressions which would have interfered with its effect are inter- 

cepted, and excluded from the field of view. From the disc revolving 100 times 

in a second, the eye will then receive, once a second, a single isolated impression, 

lasting for the extremely short period of 2th of a second. This result admits 

of being obtained by the very simplest possible means; in fact, I have found it 

unnecessary to employ any mechanical agent whatever, other than the train of 
wheels by which motion is communicated to the disc. 

* Hdinburgh Transactions, vol. xvi., pp. 583-587, 
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The nature of this arrangement will be understood from fig. 1, Plate L., 

in which A, B, ©, a, 6, ¢ represent a train of toothed wheels and pinions 

driven by a weight suspended from a line, which is coiled round a drum on 

the axis of the wheel A, and by which motion is communicated to the disc D. 

The wheels B, C have each 120 teeth, and the pinions 0, c, 12 teeth; so that if 

B revolve once in a second, C revolves 10 times, and D, 100 times in a second. 

Apertures I, K are cut in the wheels, which are otherwise solid, and the whole 

is so arranged, that the apertures I, K, the sector S, and the aperture T in a 

screen H illuminated by a light F, are in the same straight line; so that an 

observer at E can see the illuminated aperture I through the holes in the wheels 

and the sector in the disc. Since the wheels B, C, and disc D revolve respec- 

tively once, ten times, and a hundred times in a second, if the apertures are in 

line at. the commencement of any one second, they will again come into line at 

the commencement of each successive second. Suppose the wheel B to be 

removed, the wheel C and disc D continuing to revolve. By the time the disc D 

has made a single revolution, the aperture K has moved round so far that when 

the sector S has returned to its original position, the wheel C intercepts the light ; 

and it is obvious that K will not return to its proper position for transmit- 

ting light to the eye until the wheel C has made a complete revolution. The 

effect of the combination of the wheel C and disc D will therefore be to trans- 

mit to the eye a single impression at every revolution of C, or at the end 

of every ;,th part of a second. Supposing, as before, that the sector D is 

~ith of the circumference, the eye will receive only 10 impressions in a 

second, each of which has been made in ;,,;,,th part of a second. We may 

now dismiss the disc D from our consideration, and regard the wheel C as a disc 

revolving 10 times per second, and having an excessively narrow sector cut in it, 

occupying ;,2,,th of its circumference. By repeating precisely the same reason- 

ing for the wheels B and C as has been employed for the wheel C and disc D, 

it will be seen that the wheel B will transmit to the eye a single impression at 

each revolution, or once a second, derived from the wheel C. The wheel B will 

therefore transmit to the eye a single impression in a second, which has acted on 

the eye for —,;th of a second, and will thus be equivalent to a disc revolving 

once a second, and having a sector of only =2,,,th part of its circumference. It 

will be seen also, that as the smallest practicable angle for the sector is obviously 

the same, whatever be the size of the disc, the effect of the arrangement will be 

to make a disc of a foot in diameter equivalent in efficiency for observing short 

impressions to one of 100 feet in diameter. 

It may, at first sight, be supposed that only a single screen-wheel, as it may 

be called, such as C or B, would be required. Such, however, is not the case. 

The wheel C alone would be insufficient; for when the disc D was driven with 

high velocities, C would revolve so fast that its transmitted impressions would 
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become blended by their persistence on the retina. The wheel,B alone would 

likewise be insufficient, for the disc D revolves so fast compared with B that 

the sector S would have returned to its position for transmitting light before the 

hole I had time to get out of the line of vision. 

It is obvious that the arrangement might be extended to any number of wheels, 

the only remaining practical difficulty being that of driving a train of toothed 

wheels at very high velocities. If this should render it impossible to observe im- 

pressions so short as may be desired, there are two methods which may be 

adopted. The disc itself may be driven directly by a reaction machine, or Barker’s 

mill, the train of wheels then serving merely as screens and registers of the num- 

ber of revolutions made by the disc. Impressions of very short duration might 

also be obtained by substituting for the disc a small revolving mirror, like Wheat- 

stone’s. The mirror attached, with its plane parallel to the axis on which it re- 

volves, receives the light of a flame which has passed through a narrow slit 

parallel to the axis, and at a considerable distance from it. The light reflected 

by the mirror falls upon the surface, whose brightness is to be observed, and 

illuminates each portion of it for a short interval of time, depending on the width 

of the slit and the velocity of the mirror. Impressions of extremely short duration 

could thus be obtained, for a small mirror could be driven at a much higher 

velocity than a disc, which, from its considerable size, experiences great resist- 

ance from the air; and the narrow slit would become equivalent to a sector of 

corresponding width, cut in a very large disc, revolving with twice the angular 

velocity of the mirror, and having a radius equal to the distance of the slit from 

the axis of revolution. 

I have designed an instrument on the principles now explained, which has 

been constructed for me by Messrs James MILNE and Son of Edinburgh, and which 

is represented in fig. 2. 

The instrument consists of a solid cast-iron frame A A, carrying a train of 

wheels B, C, D, E, by which the disc F is driven. Motion is communicated to 

the wheels by a weight suspended from a cord coiled round the barrel G. Each of 

these wheels B, C, D, E has 120 teeth ; the pinion 0 has 30 teeth, and the remaining 

three pinions, of which only d and ¢ are shown in the figure, have each 12 teeth. 

The wheels B, C, D and the disc F are each 6 inches, and E is 3 inches in 

diameter. } 

From the numbers of teeth in the wheels and pinions, it is obvious that for each 

revolution of the wheel D the wheel E makes 10, and the disc F 100 revolutions; 

and by means ofa train of gas-meter index-wheels H K, to which motion is commu- 

nicated by the wheel I on the axis of the wheel D,—I and H having the same num- 

ber of teeth—the number of revolutions made by the disc F is readily ascertained. 

To facilitate counting the revolutions, the frame carrying the wheels H K turns 

on a pivot about half-way between H and K, and is pressed by a spring near H 
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against a stud in the frame A, so as to be kept in gear with the wheell. A 

lever L turns an eccentric in contact, near K, with the frame carrying the wheels 

H, K ; and, by moving the lever a little to the right or left, the train of gas-meter 

wheels is instantly put in or out of connexion with the wheel I. The gas-meter 

wheels having been adjusted by the hand until their indices read zero, they are 

put in gear with I, and allowed to remain so for a minute or other definite time. 

The number of revolutions of the disc F in a second will obviously be 6000 times 

the number of revolutions of the wheel H registered by the gas-meter train in a 

minute. 

The disc F is an accurately turned plate of brass 0:1 inch in thickness, strength- 

ened by a narrow flange round its circumference, rising 0°1 inch from its plane. 

An arm of brass M O turns on the axis ¢, independently of the disc. In the disc 

there is cut an aperture at / 7, embracing 20° of the circumference ; but the effec- 

tive opening is formed by the knife edges / g of the moveable arm M O and 

h 7 of a fixed piece of brass NA. The edge f g is carefully filed to radiate from 

the centre of the disc, and N / is screwed to the disc, with its edge h 2 fitting 

accurately to f g, so that when the arm M O is moved away from the piece N h, 

the opening fg forms a portion of a sector of a circle. The piece M O has 

its surface in the same plane with the edge of the flange, and accurately fits 

its inner circumference. An arc of 40° is divided on the edge of the flange, and 

the arm M O carries a vernier reading minutes. It is obvious that the angle 

of the sector f g h 7 can be accurately ascertained by taking the difference of 

the vernier readings when the aperture fg h 7 is open and when it is closed. As 

the disc F revolves with very great velocity, it is essential, in order to avoid 

vibration, that it should be quite symmetrical about its axis. In order to effect 

this, a second aperture is made in the disc, and a piece of brass is attached to it, 

the same as the aperture and piece of brass at N g, and placed, respectively, 180° 

apart from them, but which are not shown in the figure. No light reaches the 

eye from this second aperture; for by the time the disc has made a half-revolu- 

tion, the aperture 4, which transmitted light from fh, has moved out of the line 

of vision. The second aperture, therefore, simply renders the disc symmetrical 

_without affecting the optical action of the machine. 

The apertures in the wheels D and E, through which the light, transmitted by 

the sector f g h i, reaches the eye, are represented at 4, m, and». The wheel 

E has two apertures, 4, /, 180° degrees apart; and D has four apertures, 90° apart, 

of which only two are seen in the figure. The aperture /, as in the case of the 

disc, is made simply for the purpose of restoring the symmetry of the wheel E, 

which would be destroyed if the aperture / alone existed; and it will be seen 

that if the apertures m, 4, and the sector fh, be adjusted so as to come together 

into the same straight line, and to allow light to pass through them to the eye, 

by the time the wheel E has made a half-revolution, so that the aperture / has 
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taken the place of 4, the aperture m will have moved out of the line of vision, 

and thus no light can reach the eye through /. Of the four apertures in the 

wheel D we may employ one only, or two 180° apart, or all four, as may be found 

most convenient, according to the speed with which the train is driven, the 

apertures not in use being stopped by plugs of cork. 

The photometrical arrangement for measuring the brightness of the luminous 

impressions transmitted by the revolving disc, and its train of wheels, may either 

be that described in my former paper on the formation of luminous impressions, 

or the following arrangements may be adopted :— 

1st, Let C, D (fig. 3) represent screens having apertures covered with ground- 

glass, or glass rendered milky-white by arsenic or phosphate of lime, and A, B 

flames, by which the apertures C, D are illuminated. A piece of transparent 

parallel glass E is placed so that an observer at F views the aperture C by trans- 

mitted, and D by reflected light in apparent contact. The light A remains fixed, 

while B is moved, until the two apertures appear equally bright. The disc Gis now — 

made to revolve, when the aperture C, seen during successive short intervals of 

time, will appear less bright than before, and the light B must be withdrawn to 

a greater distance from the screen D, until the equality of the illumination is 

restored. If the lights emitted by the flames A, B remain constant, the ratio of 

the brightness of the impression of short duration, transmitted by the revolving 

disc to that of a complete impression on the eye, will be that of the squares of 

the distances of the light B from the screen D. 

2dly, An arrangement which, from an imperfect trial I have made of it, pro- 

mises to succeed well for comparing the brightness of the illuminated apertures, 

may be made by cementing together two equal and similar rectangular glass 

prisms A B C, B C D, so as to form a parallelopiped, by means of a small portion 

of Canada balsam, which, when the prisms are pressed together, expands into 

a circular thin film E. The illuminated apertures C’, D’ in the screens are placed 

opposite to the faces A C, C D, and the observer looks through the face B F. 

The light transmitted through A C, and falling on B ©, will be totally reflected, 

except the portion which falls on the film of Canada balsam at E, which will be 

nearly all transmitted to the eye of the observer. The light which is transmitted 

through the face C D will be totally reflected to the eye by the face B C, except 3 

what falls on the Canada balsam at E, which will be nearly all transmitted. The 

spot E will appear of a different brightness from the rest of the surface B C, 

except when the light totally reflected by B C is equal in intensity to the sum of 

the lights transmitted and reflected at E. The spot E will then disappear, owing 

to the whole surface.of B C, including the spot, becoming uniformly bright. 

Assuming that the light partially reflected at E has a constant ratio to that 

totally reflected by the rest of the surface B C, and to that transmitted by A C, 

it is obvious that the squares of the distances of the flame from the aperture D 
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when the spot E disappears will give the ratio of the intensities of the lights 
transmitted by the aperture C. 

3dly, Adopting the arrangement in fig 3, we may compare the illumination 

of the screens by the following method :—Let the aperture D, whose light is re- 

flected at E, be made larger than the aperture ©, or let D be placed so that the 

distance D E F is considerably less than C E F. Then, by properly adjusting 

the position of the glass E, the aperture C will be seen projected on the reflected 

image of D. The distances of the lights A B may then be adjusted, so that the 

aperture C, seen through the reflected image of D, just disappears. The appa- 

rent brightness of C will then have a certain ratio to that of D, depending on 

the power of the observer’s eye to discriminate between lights of different 

intensity ; and, as before, the apparent brightnesses of C will be in the ratio of 

the squares of the distances of the flame B from the screen D when C disappears. 

From former experience I have found that it requires an almost painful effort 

of attention to compare the brightness of a surface illuminated by sudden 

flashes with that of another which is constantly illuminated. The method of 

observation now described seems to possess the great advantage of substituting 

mere watching for the disappearance of the flashes in the place of an estimation 
of equality of brightnesses. 

4thly, We may observe the brightness of impressions of short duration by means . 

of a single fiame in the following manner :—The disc G transmits flashes from 

the flame A to the aperture C in a screen, filled with translucent glass. The ob- 

server at E looks at U along the edge of another similar piece of translucent glass 

D. Since illuminated surfaces appear equally bright at all distances and at all 

inclinations of the visual ray, the ratio of the brightnesses of the aperture at C 
when the disc revolves, and when it is stationary or removed, will be that of the 

squares of the distances of the glass D from the flame A, at which the observer 
estimates C and D as equally bright. By this method of observation, the effect 
of any want of constancy in the illuminating power of the flame A will be entirely 

eliminated. 
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IV.—Notice of an unusual Fall of Rain in the Lake District, in January 1829. 

By Joun Davy, M.D., F.R.S., London and Edinburgh. 

(Read 4th April 1859.) 

The rain experienced in January of this year has so much exceeded the aver- 

age quantity, considerable as that is in the Lake District,* that I have been led 

to consider it worthy of record, especially keeping in mind, that as regards risks 

from floods, it is not the ordinary, but the extraordinary that is to be guarded 

against in the construction of all works with which water is concerned as an ele- 

ment of danger. 

It may not be amiss to premise, that the year preceding, as to weather, was 

chiefly remarkable for the mildness of the first quarter, for its high summer tem- 

perature, for the unusual cold experienced in November, and this succeeded by a 

mild December. January set in with weather of the same character, and was 

without any marked peculiarity, excepting its mildness, till the 9th, when rain 

commenced, and, with the exception of two or three days, continued to fall more 

or less heavily till the end of the month. 

The maximum and minimum temperature during the month, and the prevail- 

ing winds, are shown in the following table, for which I am indebted to Mr 

SAMUEL MarsHatt of Kendal. His observations made in that town are applicable, 

with certain allowances, to the Lake District generally. I have selected them, 

having great reliance in his accuracy as an observer :— 

TABLE I. 

Xo, pee e || ghee Winds 

1 46 38°5 S.W. 

2 45 335 S.W. 

3 45 34 S.W. 
4 47 36 S.W. 

5 47 40 S.W. 
6 43 40 S. 

7 45 30 8. 
8 34 28 NE. 

* The rain-fall at Lesketh How, Ambleside, in January, during the preceding six years, has 
averaged 4:22 inches. 

In 1853 it was 1:62 inches. In 1856 it was 6°96 inches. 
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TABLE I.—continued. 

ee oe, Winds. 

37 30 N. 

44 34 9. 

£0 43 S.W. 

a 45 S.W. 

ae 33°5 S.W. 

49 36 NE. 

38 31 N.E. 
42°5 33:5 SE. 

44 38-5 gs. 

49 40 S.W. 

49 33 S.W. 

46 32°5 S.W. 

49 41 S.W. 
52 42 g. 

45 35 S.W. 

45 37 W. 

ai 415 W. 

48 35 W. 

43 30 W. 

46 34 S.W. 

46 38 S.W. 

47 36 S. 

42 31-5 S.W. 

During the month, the mean of the barometer was 29°853; its maximum (on 

the 13th), 30°398 ; its minimum (on the 23d), 29097 ; the mean of the dry-bulb 

thermometer 40:4°; of the wet-bulb 391°; the maximum difference of the two 4°. 

These averages I owe to the same observer, and they are from observations made 

in the same place. 

In recording the fall of rain, it appeared advisable not to restrict the account 

to one spot. Through the kindness of correspondents, I have been enabled to 

extend it to many localities, both in the district and at a distance. The registered 

results I shall give in a tabular form. The first table will show the days in which 

rain fell in the month in question, and its amount in the twenty-four hours, at _ 

five places, the remotest, Kendal and High Close, not exceeding twenty miles. 
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TABLE II. 

se | mond, | pear, Merron | Manco” | eee 
1 175 aap B57(2) 9 “19 

2 

3 

4 

5 a 

6 -010 

7 

8 

9 ste 

10 Hp a ba AN 03 

11 034 -10 135 -08 05 

12 102 ‘10 955 oil 12 

13 see me ‘015 ves 

14 nt 05 ‘018 ‘08 te 

15 vs 03 028 ‘75 08 
16 250 "32 *353 mee ‘81 

17 170 32 360 40 “35 

18 1:980 2°43 3'135 3°65 2:15 

19 ‘230 atte 145 °30 13 

20 we 13 085 Aes att 

21 1:015 . 2°02 3125 2°61 1°75 

22 rate 70 818 337/ eel 

23 -446 68 Lsa4 | re 1:00 

24 512 “72 1:065 1:06 1:04 

25 274 15 ‘568 26 ‘11 

26 223 -65 821 “70 18 

27 “474 “45 550 “94 ‘47 

28 500 ‘03 028 ‘08 avi 

29 048 22 °385 36 ‘16 

30 -505 68 1:075 ‘80 “Ud 

381 -066 “32 -205 40 14 

6-514 10:10 14:875 14:82 10:95 

_ In the next table will be given, besides the quantity of rain noticed in the 

Lake District in several localities, that which has been registered in some other 
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parts of the kingdom; the latter for the sake of comparison. The nine localities 

which stand first, may be considered as belonging to the district, unless Kendal 

and Whitehaven on its borders be excepted; and all but these last are a few 

miles only apart, and, with one exception, that of High Close above Grasmere, 

vary but little in elevation above the sea-level, ranging from about 130 to two or 

three hundred feet; High Close, probably being 500 feet more.* In one column, 

the amount of rain which was measured in January, will be found; in the other, 

the amount for the year, but from some defective information less complete than 

could be wished,— 
For January. For the Year. 

Kendal, . : A “ 6:514 inches 40-226 inches. 
Tahotshokae Troutbeck, ; = ; 10-10 tee 
The How, Troutbeck, ‘ ; : 14-3750 “=. 60-168 

Lesketh How, AGablewae: : ; 14:82 Bae 63:44... 
Wray Castle, above Windermere, ; 9692 --- 54:269 ... 
High Close, above Grasmere, . On. «ee 58-64 
Keswick, : pe GBS) x. 50:27 
Whinfell Hall, Vale of Lorton, 4 9-042... 47-848 
Coniston, 12°50 . .. 3. 62°71 
Paterdale Hall, at the head of Ulswater, 14:8 oe 57°50 
Whitehaven, . ; = : 6-643 
Penzance, Cornwall, ‘ : : 6:48 ce 
Plymouth, 5 5 : ; : oe es 39°84 
Bristol, . : } : ; - ua a DPT OK wre 
Sherborne, d ‘ SO) we: Sa 7ar ee 
Bucher, near Kington, Herctocdahire: Gia ss 27-98 
Cambridge, , . ‘ : : SOG) ese. 13: 221+. 
York, z IS Uy ae 20-49 
Mirfield, Vorkshie, about 300 Bal ee 

the sea, : A 207s eee 2S 
Scarborough, : ; : , : veur v wank 16°43 
Wakefield, : ‘ 2 : 2 sae oye 25-408 
Edinburgh, : T-S6L) 6... 22°67 
Hutton, eight miles west of Bdinburgh, 5-1 os 
Observatory, Glasgow, : : e750 Po: 
Stornoway Castle, Isle of Lewis, ; 3) Vs: 40°43 

* Since the above was written, I have been favoured, by the direction of Lieut.-Col. James, R.E., 
with the following “ List of Ordnance Survey Altitudes, in the neighbourhood of Kendal, &c. :— 

Altitudes above the Mean 
Description of Marks. evel of aha eee 

Feet. 

Bolt in base of N. W. tower of St George’s church, Kendal, - : : : 149°02 
Mark on S.W. angle of Grasmere church, “ae : , 219°19 
Mark on Ambleside church, : ; - : . 163°18 
Bolt in N.E. angle of Patterdale church tower, : : 49083 
Mark on top of east battlement of Netherfield ‘pridge over Seathwaite Beck, . 399°05 
Bolt in N.W. angle of Keswick church Tower, - - 319.19 
Bolt in west corner of old church, Whitehaven, A 3 ; : : 29:27 
Mark on N.W. corner of Wray church, c c ; 309°33 
Mark on east face of east battlement of Church Bridge, Troutbeck, 4 : 398'77 
Mark on stone of door of tower entrance to Troutbeck church, : : - 403°13 
Mark on top of rock 10 links, 8.E. of Lingmoor, triangle A, - . 1409°74 
Mark on Kirby pic west side of ee Lake, about 20 chains south of Water- 
Head Inn,” 144-00 

} The Register for Deceuhers is ae Momenlene a the al for he” year is considered 
near the truth; so dry a year as this has not been known, I am informed, for a long while. The 
yearly average “of rain there is very low, about 17 inches. 
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From this table, it appears, that in the instance of the Lake District, the rain-fall 

for the month, with the exception of two spots, Wray Castle and High Close, in- 

creased with advance towards the higher central mountains, in accordance with all 

former observations, especially those of the late Mr Mitter. Ifa conjecture may be 

allowed as to the exceptional spots, I should be disposed to attribute.the difference to 

the position of these places,—one, Wray Castle, standing on a low hill on the western 

margin of Windermere, flanked by no near mountains; the other, High Close, on an 

eminence between Langdale and Easdale ; these vales, skirted by lofty hills, by 

their greater elevation, exercising on the atmosphere a much greater cooling effect. 

Inequalities of rain-fall throughout the kingdom have been a remarkable 

feature of the meteorology of last year, and of the present season ; this is strongly 

shown in the table. How singular, that more rain should have fallen in several 

places in the Lake District in the month than at Cambridge in the whole year! 

As the prevailing winds during January were westerly, oceanic, and moist 

winds, the greater fall of rain on the west coasts is perhaps no more than might 

be expected, this, according with ordinary experience; it is the remarkable 

difference of amount in the Lake District that constitutes the speciality, as it 

now appears, and seems deserving of attention. Probably, were rain-gauges kept 

in the western highlands of Scotland the fall of rain there amongst the moun- 

tains bordering the coast, would be found to be not less, and it may be even 

greater. The flood descending from the hills which swept away so much of the 

embankments of the Crinan Canal in Argyleshire may be mentioned in proof; it 
occurred early in February, after the heavy rains of the preceding month.* 

* Since the above was written, I have been favoured by Professor ALLEN THomson of Glasgow; 

with the following return, comprising nineteen years’ rain-fall at Stonefield, the residence of Coxin G. 
CamPBELL, Hsq., in the vicinity of the Crinan Canal, confirmatory of the remark I have made; no 
doubt, amongst the mountains there, as in the Lake District, the proportion of rain is much larger 
than at the lower levels. 

Average for each Month during these Nineteen Years. 
Yearly Average. 

13205 : : 586 January, . “ a December, 1852, . 14:35 
1415). é F 61'°6 February, . d 5:7 - 1854,"., 144. 

1842, . ‘ : 60:0 March, : ; 4 January, 1849, . 12:9 

Hee. apr | Ard, cohol ip BD - 1859, . 84 
TESA aed beh oy ge Maa Nab or Ly February, 1859, . 6:15 
1845, . é : 77:3 June, . ; ; 44 
1846, . . ‘ 64-7 July, . : ; 4:8 
1847, . : ; 59°7 August, : 0 4:4 
11848, 0. : 4 68:9 September, . : 4 
Hedger te areriga- Gi October: ~~. 64 
HS5052 "72 : : 65°7 November, . : 6°4 
Sas , dH 54-2 December, . ‘ 73 
Se c ; 66:0 
1853, } ; 553 Total for year, 608 

EISEN el aS) 
Tepe SON BY laos 
1SHG, oP odytant pcp 
1857, . fi f 509 
1858, 63°3 

Average 60 inches. 
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In commencing, I have stated that the fall of rain in January was so much 

greater than the average for the month as to seem deserving of record; this is 
strictly correct; yet instances have occurred, since rain-gauges have been kept in 

the district, of even greater quantities having been registered for the same 

time. The following table, giving the months in which rain equal to, or exceed- 

ing 12 inches, has fallen at Ambleside and Coniston,—at the former since 1848, 

at the latter since 1837,—is illustrative of the fact; the rain-fall at Kendal and 

Wray Castle, for the same months, is added for the purpose of comparison :— 

TABLE III. 

Coniston. Ambleside. Wray Castle. 

Inches. Inches. 

October... 12°6 

Joly: pets) Arye 12:4 

September. . 12:9 

Octoheniiede. &: 13:1 

November. . 12-0 

December. . . 13°6 

October"... 14.0 

November. . 13:2 

Febroary "= 14:5 

December. . . 12:0 

J anary ot ae 13°5 

October ir! 12:0 

November. . . 12-2 

Janiiary choos | 13:3 

Januany, (29 ¢ 176 

February . . . 12:0 

December. . . 19:9 

January os ee. 12:0 

December. . . 15:3 

January . . . 12:2 

Such heavy falls of rain as those recorded in this table are perhaps more 

characteristic of localities exposed to the west and adjoining mountains than 

even the great yearly averages. Taking Edinburgh as an example of a place on 

the east coast, it would appear from the register kept by the late Mr Apre and 

his sons, from 1795 to the present time, that the greatest monthly fall there during 

the whole of that period was little more than six inches. This occurred five 
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times—once in January, once in October, and once in each of the three summer 

months. The greatest amount of rain registered in any one year, that of 1795, 

was 36°61 inches; the average of the whole 24°55 inches. Stornoway, in the 

Island of Lewis, affords an example of a locality well exposed to the west, fully 

open to the sea, but out of the near influence of any mountains. There showers 

are frequent, but seldom so heavy as those where that influence is exerted. In 

January, the daily fall of rain registered there was as follows :— 

Est; 5 ; 0:20 inches. Oth, ‘ ; ... Inches. 
2d, be add ho. OY OMEF bs LOM. His OFS Laos lou 
3d, : ° ; OC; 2a XO, 5 : 0:23 
4th, ReLe AE) SSO Ga ie ane aay aril Vi 
6th, apih fisols ARGO Wee ppd nae DMO! sie. souls 
7th, aoe De We eo 0280) 
8th, ” : : Sicntherete 24th... : : 0:18 
9th, : ; : Ores Doth ee : ‘ 0:25 

10th. : : - byes PRs 26th, . ; i 0:35 

11th, : ; 0:02». :... Pf): ne ; ; 0°15 
12th, : : J Croge 28th, é ; 0°35 
13th, Na ieia'i bay. Othe der) easier 0-Ob 
14th, : , ‘ (Oh. 0 ae 30th, . ; : 0:62 
15th, Stila eka pent Be ee NT Tg 
16th, Yor dail suk FOkox hs, 
17th, ; ; ’ 0253 ee 5.43 inches. 

Exceptions there may be to the above remarks, even in localities where the 

average rain-fall is low,—exceptions which ought to be kept in mind, for the 

warding off of accidents by floods, but which unfortunately are commonly too 

soon forgotten after the event. One of the most remarkable that [am acquainted 

with took place at Scarborough in August 1857. In that year the total fall of 

rain registered was 29°982 inches, of which quantity 12-67 inches fell in August, 

and 9°50 inches during the night of the 6th and 7th of that month.* Another 

exceptional case is a fall of rain that occurred in London and its neighbourhood, 

on the 15th March 1851, amounting in a few hours to more than an inch, in London 

to 1:25 inch, at Lewisham to 1°725, which, for those localities, was designated by 

Mr GuaisHER as “ extraordinary,” and on that account communicated by him to 

the Royal Society.+ 

I have made mention of the mildness of the season since November. February, 

as to weather, was very much a repetition of January, the prevailing winds were 

the same, and rain was in excess ; here, at Lesketh How, 7:29 inches were registered. 

Now, in the first week of March, spring, judged of by the vegetation, is at least a 

month in advance; the gardens are gay with flowers. The same advance appears 

to begeneral. In a letter, with which I have been favoured by Sir James MATHESON, 

* The capacity of the rain-guage was limited to 9:50 inches ; itis stated to have been overflowing, 
so the amount registered was below the truth. See ‘ Twenty-Sixth Report of the Scarborough 
Philosophical and Archeological Society for 1857.” 

+ Proceedings of Royal Society, vol. vi., page 39, 
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from Stornoway, of the 28th of February, are inclosed the flower of the ribes 

sanguineum, the young leaf of the sweet briar, and of the common fuschia, 

gathered in the grounds of the castle in rather an exposed situation, and it is 

stated that the Loincera tartarica, the honeysuckle, and Ayrshire rose, are in 

full leaf. The spawn of the frog I found here in the ditches as early as the 21st 

of the same month. A writer in the Evening Mail of the 4th of March, referring 

to the mildness of the season, says he heard a nightingale singing in the neigh- 

bourhood of Southampton on the evening of the Ist of the month, and that he 

had previously heard the same birds singing on the 13th of the preceding month 

in North Storeham Park. I shall mention another proof: in winters of ordinary 

coldness butterflies are torpid, lose very little of their weight, hardly an appre- 

ciable quantity, and when the warm weather of spring sets in, roused into action, 

they are vigorous and take wing. One that I have had under observation since 

December, a Vanissa urticee, which then weighed 2°4 grains, has never become 

completely torpid; it has lost ‘54 grains of its weight, and now, though not 

torpid, is almost inanimate, just opening its wings when warmed, but incapable 

of flight. Further proof may be offered in the unusual success of the angler in 

the month of January. The number of charr taken in that month in Winder- 

mere was unprecedented ; one fisherman, trowling with the minnow, captured, it 

is said, nineteen dozen, in good condition, equal to those taken in April and May. 

In November, an adjoining lake, Rydalmere, was frozen over, and there was 

skating on it! Zastly, | may remark, that up to the present time the same in- 

equalities as those already described of excess and deficiency of rain, would 

appear, from what is stated in the papers, to continue throughout the country ; 

but the deficiency more common than the excess. Thus, whilst here we have 

had few days of sunshine, in Berkshire and the counties similarly situated drought 

has prevailed, and to so great a degree as to interfere with the operations of 

agriculture, the ground having become so parched and hard as hardly to receive 

the plough. 

LESKETH How, March 8, 1859. 

Postscript. 

Since the above was written, I have been favoured, through the kindness of 

my friend Dr Lerrcn of Derwent Bank, Keswick, with a register of the fall of 

rain at Seathwaite, Borrowdale, from 1845 to the present time, kept by Mr Joun 

Dixon. The results, it will be seen, are strongly confirmatory of those hitherto 

obtained, as showing the augmentation of the quantity the nearer the approach 

to the central part of the district, where the mountains are highest and the 
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I shall extract the monthly falls when amounting to or ex- 

ceeding 12 inches, and the fall of each year. The average yearly amount of the 

fourteen recorded years is the remarkable one of 129-97 inches. 

Year. 

1845, 
January, 
March, 
August, 
October, 
November, . 
December, . 

1846, 
January, 
March, 
July, . 
October, 

1847, : 
September, . 
October, 
November, . 

December, . 

1848. 
February, 
July, . 
August, 
October, 
November, . 
December, . 

1849, 
January, 
July, . 

October, 
November, 

1850, 
February, 
April, 
August, 
October, 
November, 

1851, 
January, 
February, 
July, . 
August, 
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Rain. 

151:86 inches. 

16°81 
13-21 
15°61 

15:17 
20°84 
24:94 

143°45 
17:07 
17°85 
20°80 
25°43 

129-24 
13°28 
20°52 
21°85 
20°54 

160°55 
30°45 
17:76 
13°91 
17°32 
14:07 
20-71 

123°64 
24:90 
16°64 
16:14 
16°97 

143:°26 
22-58 
15:62 
16:22 
12°94 
22°60. 

135°85 
28°63 
15:33 
14°48 
13°16 

Year. 

October, 

1852, 
January, 

February, 
June, 
August, 

November, . 
December, . 

1853, 
January, 
April, 
July, 
October, 

1854, 
January, 
June, 

September, . 
October, 
December, . 

1855, 
October, 

1856, 
February, 
June, . 
December, . 

1857, 
January, 
February, 
December, . 

1858, 
January, 
September, 
October, 
December, . 

1859, 
January, 
February, 
March, 

Rain. 

20:38 inches. 

156°70 
27°65 
20:05 
12:33 
12.37 
17°47 
32°83 

113:69 
23°12 
12°67 
19°67 
13°25 

136°39 
19°61 
13:98 
12°24 
14°62 
28°86 

88°31 
20:00 

105-52 
14:36 
12°66 
17°80 

116-60 
15:12 
14:94 
20°49 

114-60 
13°72 
18°39 
15°60 
15:58 

23-40 
15°80 
20°84 
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V.—Some Observations on the Coagulation of the Blood. By Joun Davy, M.D., 
F.R.S. Lond. and Edin. 

(Read 18th April 1859.) 

In a recent work * of an elaborate kind, displaying much ability, its author, Dr 

RicHarpson, has endeavoured to prove that the cause of the coagulation of the 

blood is of a chemical nature, and referable to the escape of a volatile matter, 

and that the volatile matter is ammonia. 

It is not my intention at present to consider the various circumstances which 

he brings forward in favour of his conclusion. [ shall restrict myself to a few 

observations which I have made, the results chiefly of trials instituted for the 

purpose of testing his speculations, and of satisfying myself, if possible, on the 

subject. 

If the coagulation of blood depend on the escape of ammonia in any form, 

that is, however combined, and is purely a chemical phenomenon, it follows, 

that the escape of the volatile matter being prevented, the blood should remain 

liquid. 

To determine this by experiment does not seem to be a difficult matter, whether 

as regards the means required or the results to be obtained. The blood I have 

chosen for trial has been that of the common fowl, obtained by dividing the great 

vessels in the neck. I have selected it because the blood of birds exhibits the 

phenomenon in question in the most striking and rapid manner. [| shall describe 

a few of the experiments made. 

Experiment 1.—A half-ounce vial} in a few seconds was filled with blood to 

within a quarter of an inch of its neck, and was immediately closed with a glass 

stopper. In two minutes coagulation had taken place throughout; now, on with- 

drawing the stopper, a glass rod, dipped in muriatic acid, was brought near, as a 

test of ammonia; no fume, not the slightest, was perceptible. The blood, still 

warm, was next mixed with hydrate of lime; no ammoniacal odour could be 

detected. 

Experiment 2.—Two ounces of blood were received in a glass vessel, into which 

two drops of aqua ammoniz had just before been poured; as soon as caught, it 

was gently moved by inclining the vessel backwards and forwards, to favour the 

action of the volatile alkali; in less than two minutes coagulation had taken place. 

A distinct odour of the volatile alkali was emitted, and when a plate of glass, 

* The “ Cause of the Coagulation of the Blood,” being the Astitzy Cooper Prize Essay for 1856 

with Additional Observations and Experiments, &c, By B. W. Ricuarpson, M.D , 8vo, London, 1858, 
+ The capacity was greater; it held 298 grains of water. 
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moistened with dilute muriatic acid, was for a short time kept over the vessel, 

crystals of muriate of ammonia formed on it, that is, after evaporation, and as 

viewed under the microscope. The clot was of about equal consistence through- 

out, and tolerably firm; cut into pieces, each piece, tested by the approach of the 

rod dipped in muriatic acid, showed, by the fumes produced, the presence of 

ammonia. The serum, which in a few hours had separated from the crassamen- 

tum, had an ammoniacal odour. 

Experiment 3.—To a mixture of water and aqua ammonice, formed of 12 

grains of the former and 1 grain of the latter, in a vial of one half-ounce capacity, 

277 grains of blood were added as it flowed from the divided vessels; the glass 
stopper was instantly introduced, and, to secure admixture, the bottle was in- 

verted two or three times. In about two minutes and a-half, coagulation had 

taken place. 

Experiment 4.—277 grains of blood from the same fowl were caught in a 

larger and thicker bottle, exceeding that used in the preceding experiment by 856 

grains (more than double its weight), and exercising therefore a greater cooling 

influence. This blood coagulated in about three minutes. 

Experiment 5.—A small portion of blood from the same fowl fell on a flag- 

stone in the open air, the temperature of which, ascertained by the thermometer, 

was 40°. Ten minutes after the last had coagulated, this retained its fluidity, 
and after other ten minutes, it was only feebly coagulated. 

Experiment 6.—To a mixture of 13 grains of water, and 14 grains of aqua 

ammonie of specific gravity 88, in the half-ounce vial, the blood of a fowl as it 

issued from the divided vessels was added to overflowing; the stopper was imme- 

diately introduced. The blood which overflowed, it is remarkable, became tena- 

cious and viscid in less than a minute, even before another portion caught in a 

separate vessel had coagulated ; the latter undergoing the change in about two 

minutes. The stopper taken out after an hour, the contained blood was found 

coagulated ; the coagulum was soft and easily penetrated, very tenacious 

and viscid, of a dark colour, and pungently ammoniacal. In twenty-four 

hours it had become somewhat firmer, and in three days a little more so, 

showing a slight degree of contraction; but no serum had separated from the 

clot. A minute portion of it detached, which was not easily effected, owing to the 

tenacity of the crassamentum, exhibited, under the microscope, a confused appear- 

ance; diluted with serum, and stirred, no blood corpuscles were detached, and 

using a compressor to spread out the little mass, the whole had the aspect of a fine 

granular tissue. This blood after twenty days experienced little change; and the 

remark applies equally to the two portions,—that contained in the stoppered vial, 

and that which overflowed, received into a wine glass and merely loosely covered 

with tin-foil; both emitted an odour of the volatile alkali, slightly tainted as if 

from incipient putrefaction ; the colour of each had become of a rusty brownish 
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red, but with little change of consistence; no serum had separated. After twenty- 

eight days, the blood in the vial had become darker and softer and less viscid, 

whilst that in the wine-glass retained its tenacity and consistence and colour. 

These results appear to me clearly to show,—1st, That there are no indications 

afforded of the escape of volatile ammonia during the coagulation of the blood of 

the fowl, or of its presence in the blood ;—2d, That the addition of ammonia in a 

notable quantity does not prevent coagulation ;—3d, That a sudden reduction of 

the temperature of the blood, even when fully exposed to the air, has a greater 

influence in retarding the coagulation than the assigned cause of its fluidity, the 

volatile alkali, when added. 

The few trials I have made with the sesquicarbonate and neutral carbonate 

of ammonia have given results equally unfavourable, as they appear to me, to the 

hypothesis. I shall mention briefly two. 

Experiment 7.—272 grains of blood were received into the half-ounce vial, con- 

taining 12 grains of water and 4 grains of the sesquicarbonate of ammonia. An 

hour and a-half after, the blood continued fluid; no separation of lymph had 

taken place, and no change of colour: three quarters of an hour later, it had par- 

tially coagulated ; this was in its inferior portion, the upper remaining liquid. 

The bottle was perfectly tight; no air had escaped; none had entered. On the 

day following, on withdrawing the stopper, the whole was found coagulated: the 

clot formed was soft and viscid, of a dark hue, and without any separation of 

serum. Under the microscope, the red corpuscles were distinct, some appearing 

nearly of their natural form, some elongated, but none in piles. The blood had 

a strong ammoniacal odour. 

Experiment 8.—To 20°5 grains of water, containing 2°9 grains of the neutral 

carbonate of ammonia, 234 grains of blood were added, in the manner described, 

and in a vial of the same capacity. Partial coagulation occurred in about twelve 

minutes, and in fifteen it was complete throughout; the crassamentum was soft 

and florid. After twenty-four hours, it was a little firmer, but no serum had se- 

parated, nor had any exuded after forty-eight hours, when it was of moderate 

firmness. 

Thus it appears that these salts of ammonia, used in small quantities, have the 

effect of retarding coagulation, analogous in this their influence to most of the 

salts of the alkalies; and, like them, we know that in a large proportion they pre- 

vent it, and yet that on dilution with water coagulation takes place.* 

I shall now briefly notice some other experiments which I have made with 

the same intent as the preceding, viz.:—the testing of the hypothesis advanced, 

that the presence of ammonia in the blood is the cause of its fluidity. My respect 

for its author, and the reputation that his work has acquired, induce me to go rather 

more into details than otherwise I should have felt inclined to do. The experi- 

* See my “ Researches Physiological and Anatomical,” vol. t1., p. 105, for instances. 



54 DR DAVY ON THE COAGULATION OF THE BLOOD. 

ments I have to make mention of are of two kinds: one set have for their object 

to ascertain what is the amount of loss of ammonia from evaporation or volatiliza- 

tion, supposing it to exist in the blood, and it has an opportunity to escape in the 

act of coagulation; the other set were designed to ascertain the solvent power 

of ammonia acting on coagulable lymph,—that substance, the passing of which, 

from the liquid to the solid state, gives rise to the phenomenon under considera- 

tion. 

Experiment 9,—In the same half-ounce vial as was used in the experiments 

already described,—the aperture of which was one-thirtieth of an inch in diameter, 

—13'7 grains of aqua ammonice were introduced, carefully weighed, confined by 

aglass stopper. The stopper was withdrawn ; it was replaced after eight minutes, 

and again weighed; there was no appreciable loss; the thermometer in room 

52°. Added 13°95 grains more of the solution of ammonia; after balf-an-hour 

the loss sustained was ‘05 grain. There was next added a portion of white of 

egg, equal in weight to 171:26 grains; after forty-six minutes the loss was -03 

grain. The same immersed in water of 98° for five minutes suffered a loss of 

‘O01 grain.* 

In these experiments the specific gravity of the aqua ammoniz had not been 

ascertained ; it was certainly higher than ‘88, having been kept some months, and 

the bottle holding it repeatedly opened. In the following trials, aqua ammoniz 

of the specific gravity named was used. 

Experiment 10.—The same vial containing the blood mentioned in experiment 

number 6, holding 14 grains of aqua ammonie, was carefully weighed ; the stopper 

was withdrawn, replaced after ten minutes, and again weighed, the loss experienced 

was ‘Ol grain. The case of the balance, in which the vial was left open during 

the ten minutes, had a strong smell of ammonia. 

Experiment 11.—To 2147 grains of water in the same vial, 16-9 grains of 

aqua ammonize-were added ; in eight minutes after withdrawing the stopper, the 

loss sustained was ‘01 grain. The body of the vial was now immersed in 

water at 95°, and kept there for ten minutes; the loss suffered was equal to -04 

grain. 

Do not the results of these experiments go far to prove that, even on the sup- 

position of ammonia existing in the blood in a volatile form, no appreciable quan- 

* Plunged into water of 210°, the white of egg coagulated, though a large proportion of the 
ammonia still remained in the solution. A mixture of white of egg and bicarbonate of potash simi- 
larly treated, an effervescence occurred, and a coagulation formed. This I notice to show that the 
presence of an alkali does not prevent the coagulation of albumen by heat, leading to the inference 
that its liquid state is not owing to the little alkali which it contains, I may mention another fact 
having the same bearing. A portion of milk, to which a little ammonia had been added, was put by 
to see how long it would keep sweet, air being excluded, the bottle being filled and well secured with 
a glass stopper. It was long forgotten; after two or three years it attracted attention. Now, it was 
found that a film of black matter, which proved to be sulphuret of iron, was formed, covering the 
whole of the inside of the vial ; that the milk had acquired a brown hue, the cream on its surface 

remaining almost colourless, and that though it was alkaline, yet a small portion of curd had formed 
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tity can escape in the short period of two or three minutes, which is about the 

time required for the coagulation of the blood of the fowl? 

For trial of the solvent power of the volatile alkali, fibrin was obtained from 

the blood of the fowl in the ordinary way by washing, but not carried so far as 

to remove the whole of the colouring matter; an effect in the instance of this 

blood not easily accomplished. By thorough drying, this lymph or fibrin was 

found to lose 85 per cent. of water. 

Experiment 12.—To a mixture of 134-4 grains of water, and of 44°5 grains of 

aqua ammoniee, of specific gravity ‘88, 1:2 grain of moist fibrin was added. In 

twelve days, at a temperature ranging from 50° to 60°, the greater part of it was 

dissolved. When shaken it became slightly turbid: it had no colour, as if the 

ammonia had destroyed the very little colouring matter adhering. 

Experiment 13.—To a mixture of 127°6 grains of water, and of 5-2 grains of 

sesquicarbonate of ammonia, 1:1] grain of the moist fibrin was added. In the 

same time it was only partially dissolved ; the undissolved portion was not in- 

considerable; it was colourless: the solution was slightly coloured red. 

Experiment 14.—To a mixture of 146:2 grains of water, and of 3:1 grains of 

neutral carbonate of ammonia, 2°8 grains of the moist fibrin were added. The 

result, in the same time, differed but little from the last, both as regards colour 

and proportional residue. Moreover, it may be mentioned, that after a month no 

further alteration in either of the three was appreciable. 

Haperiment 15.—To a mixture of 1400 grains of water, and of 19 grains of 

aqua ammonie, of specific gravity ‘88, 18 grains of moist fibrin were added. The 

mixture filled the bottle, which was closed with a glass stopper. It was kept at 

the same temperature as the preceding, and was occasionally shaken. After 

fourteen days, the fibrin seemed little diminished in bulk; it had become viscid 

as well as transparent. The former quality was evident from the manner in 

which it was drawn out when inverted. As the fluid part, it was found, could 

not be separated by filtration, it not passing through the filtering paper, to 

ascertain the proportion dissolved decantation was employed. About a half 

of it was poured off; but even this was not quite free from viscid lymph. Eva- 

porated to dryness, it yielded ‘7 grain; the other moiety evaporated yielded 2°8 

grains. 

Experiment 16.—To a mixture of 1400 grains of water, and of 26 grains of 

aqua ammoniz, 19 grains of moist lymph were added, put into a bottle of larger 

capacity, so as to half fill it only. The object was to see if any marked difference 

of effect would be produced by the presence of atmospheric air. The result in 

this respect was negative; as in the former instance, the fibrin was rendered trans- 

parent and viscid, and the decanted portion, on evaporation, yielded about the 

same proportional residue—viz., ‘S grain. 

I have made other trials on the solvent power exercised by ammonia on 
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moist fibrin, and both for a longer time and with more ammonia, but with re- 

sults so much alike, that I do not consider it necessary to detail them. They 

have all led me to the conclusion, that the volatile alkali, in its action on fibrin, 

is chiefly remarkable for rendering it viscid, and that its solvent power is 

inconsiderable.* My results do not perfectly accord with those obtained by Dr 

RicHarpson. In all the experiments he describes, quantities of lymph (10 grains) 

were dissolved, he states, completely in from fifteen to twenty-one days in mix- 

tures of water and ammonia, composed of 1000 grains of the former, and from 

5 to 2 grains of the latter, designated by ‘“‘ N H, 0,” a proportion this, even the 

largest, less than that I used. The difference I cannot account for. I thought 

it possible, that as fibrin freshly separated from the blood, and in its moist 

state, has a powerful attraction for oxygen, and in part liquifies with evolution 

of heat when exposed to its action,} that his experiments having been made, 

as I presume they were, without the exclusion of atmospheric air, the want 

of concord might thus be explained, but the last trial I have noticed does 

not support the conjecture. It is possible that the fibrin of birds may be less 

soluble than that of the mammalia, which he employed. But should it be so, 

the difference as to degree should not affect the argument. Even Dr Ricnarp- 

SON’s Own results, considering the proportions used of fibrin and ammonia, and 

the length of time required for the solution, seem to me in no wise to bear out 

the idea that the volatile alkali can be the solvent of fibrin in the blood in its 

healthy state. 

Dr RicHarpson, in support of his views, refers to some observations of the late 

Dr Brarr in proof of the existence of ammonia in the blood in disease. On con- 

sulting his writings, I find one instance recorded in which this alkali was detected 

in the blood of a person who had died of yellow fever, but in so small a propor- 

tion that none was “ yielded by heat alone, and not much on the addition of 

liquor potassee.” | In the majority of instances that he examined the blood from 

patients labouring under this disease, he found it, contrary to his expectations, 

normal, its corpuscles unaltered in form, and collected in rouleaux,—a circum- 

stance this, I cannot but think, incompatible with the presence of ammonia,—if 

its tendency is, as I have found, to render the blood viscid. My own experience, 

I may mention, as regards the state of the blood in yellow fever, accords with 

the ampler one of my valued friend. During life, I never found it otherwise than 

normal ; after death, in some cases, I found that “it gave off an ammoniacal 

odour when mixed with quicklime; whilst in others this odour was not per- 

* The fibrin, after solution, appears to be altered in its properties: obtained by evaporation (as 
the ammonia is expelled it forms as a pellicle) though still soluble in a slight degree in the volatile 
alkali, it is not rendered viscid, and, in consequence, there is no obstacle in the way of its filtration. 

+ See “ Researches Anatomical and Physiological,” vol. 11., p. 343. 
t “ Report on the First Eighteen Months of the Fourth Yellow Fever Epidemic of British 

Guiana,” p. 37. 
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ceived” This I have stated in a note to Dr Bratrr’s “ Treatise on Yellow 

Fever” (the epidemic which preceded the one last mentioned), of which I was the 

editor. 

I shall now conclude, briefly remarking, that as the results I have described 

are opposed to the inference of the coagulation of the blood being owing to the 

escape of any volatile matter, and, « fortior?, of the volatile alkali, the existence 

of which in the blood even remains to be proved, they leave the phenomenon, as 

hitherto, a problem for solution, and open to question whether it be the result 

of loss of vitality, or a chemical result, depending on a new arrangement of ele- 

ments of the coagulating part, the fibrin, without, as regards their number, any 

change of their sum. 
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Vi.— Researches on Radiant Heat. Second Series. By Batrour Srewart, M.A. 

~ Communicated by Professor ForBss. 

(Read 18th April 1859.) 

Division of Subject. 

1. The first part of this paper describes the following groups of experi- 

ments :— 

Group I. On the effect which roughening the surface of a body produces upon 
its radiation. 

II. On the nature of that heat which is radiated by rock-salt, at 212° F. 

III. On the radiation of glass and mica, at high temperatures. 

The second, or theoretical portion, of the paper, has reference to the law which 

connects the radiation of a particle with its temperature, and to DuLone and 

PetTIT’s experiments on this subject. 

There is also an addition of a later date than the rest of the paper on General 

Diathermancy. 

Instruments used, and Method of Investigation. 

2. The instruments used, and the method of using them, were much the 

same as described in the first series of these researches, Art. 3. Should any 

difference occur in the method of conducting a particular experiment, it will be 

mentioned when the experiment so performed comes to be described. 

First Group of Experiments described. 

3. This group of experiments has reference to the effect of roughening the 

surface of a body upon its radiation. This was suggested to the writer by Pro- 

fessor Forses. The first substance tried was rock-salt. 

A. Rock-Salt.—lt was found that roughening the surface by means of emery- 

paper, until it became quite dim, had little or no effect in increasing the radiation, 

as will be seen from the following statement, embodying the mean result of three 

sets of experiments.* 

The pieces used were the middle piece (thickness=°36 inch) and thickest piece 

(thickness=-77 inch), described in First Series, Art. 6. These pieces were placed at 

a distance of about 4 inches from the mouth of the polished brass cone, and, in 

* In the experiments with roughened surfaces, only one of the surfaces of the substance was 
roughened, the other being left polished. In radiation experiments, therefore, the roughened sur- 
face was placed next the pile; while in transmission experiments, it was placed furthest from the 
pile. 
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order to increase the effect, no diaphragm was used. They were heated in the 

boiling-water apparatus already described. With this arrangement 

The thick piece gave, when polished, a deviation of, ; : ; : 21-1 
when roughened, . ; : : : 21:8 

The middle piece gave, when polished, a deviation of, ‘ : TMP es 13°6 
when roughened, : : P 5 : : 13:5 

4. The next point was to ascertain if roughening rock-salt had any effect upon 

the quality of the heat radiated. 

The following table will show that it does not alter the quality of the heat 

sensibly ; its quality being tested by its capacity of penetrating a screen of rock- 

salt :— 
TABLE I. 

Per-centage of whole Heat which 
Source of Heat. penetrates a Rock-salt Screen 

thickness *29 inch. 

Rock-salt, *77 inch thick, polished, . . . 49 

roughened, . . . 51 

Rock-salt, ‘36 inch thick, polished,. . . . 42 

roughened, . . . 43 

The trifling difference between polished and roughened salt in this table may 

fairly be attributed to error of experiment. We may therefore conclude, that 

roughening by emery-paper neither alters the quantity nor the quality of the heat 

radiated by rock-salt. 

5. Again, the transmissive power of rock-salt for lamp-black heat of the tem- 

perature 212°, is not sensibly altered by roughening the surface. This will be seen 

from the following statement :— 
The per-centage of Lamp-black 

heat transmitted was 

With Screen of Rock-salt, thickness -36 inch, polished, rig 
Ht roughened, Th 

This result naturally follows from the previous one, for it has been shown 

(First Series, Art. 19) that the absorption of a plate equals its radiation ; and since 

roughening the surface does not influence the radiation, it ought not to influence 

the absorption. 

6. B. Glass.—It is already known that roughening the surface of a plate of 

glass does not sensibly increase its radiation. It was only necessary, therefore, 

to ascertain whether roughening the surface of a radiating plate of glass alters the 

capacity of its heat for penetrating a screen of glass. 

Accordingly, a plate of crown-glass, ‘05 inch thick, 3°75 inches square, being 

placed before the cone as a screen, and a similar plate roughened, heated in the 
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boiling-water apparatus, being used as the source of heat, and no diaphragm 

used,— 

fo} 

The deviation was, : . : ; : f 2 : ; : a kO 
When the source of heat was a similar plate, +10 inch thick, the deviation became, 1:5 
And, lastly, when the source of heat was a plate covered with lamp-black, the 

deviation was, ; : ‘ , , ° : é é : ald 

With the same sources of heat, only the glass polished instead of roughened, 

these numbers were 0°:95, 1°45, 1°95. From the correspondence between these 

two sets of results, we may infer that the quality of the heat radiated by glass 

(at least in so far as transmission through a plate of glass can test it) is not altered 

by roughening the surface of the glass. 

7. And from all these experiments, we may infer (what has indeed been 

already remarked by Professor Forsss), that although roughening its surface with 

sand or emery-paper renders a body dim for light, yet it still remains specular for 

heat rays, which, possessing a greater wave-length than those of light, are less 

liable than the latter to be influenced by scratches or furrows. 

Second Group of Hxperiments described. 

8. The second group of experiments has reference to the nature of the heat 

which is radiated by rock-salt at 212°. Its quality being tested by transmission 

through 
a. A screen of mica, 
(3. One of mica split by heat. 
ry. One of glass, 

9. a. Mica Screen.—By the mean of three sets of experiments, a mica screen 

(thickness="003 inch nearly) passed about 31 per cent. of ordinary lamp-black 

heat, while it only passed 18 per cent. of rock-salt heat. Or if we call the propor- 

tion of black heat passed by the mica 100, that of rock-salt heat passed will be 58. 

10. 6. Split Mica Screen.—Two sets of experiments agreed in giving 20 per 

cent. as the proportion of lamp-black heat of 212°, transmitted through a screen 

of mica split by heat, while the proportion of rock-salt heat transmitted by the 

same screen was only 154 per cent. These numbers are to one another as 100 to 76. 

11. y. Glass Screen.—In order to avoid secondary radiation from the screen, 

which, in this case, absorbs nearly all the heat, two screens of microscopic glass 

were used, the one behind the other, with an interval between. 

Moreover, as in this case, the proportion of heat transmitted is exceedingly 

small, the following arrangement was adopted to make it measurable. 

The experiment consisted of four parts,— 

1st, The effect of the rock-salt heat upon the pile without a screen was ob- 

served by the ordinary galvanometer. 

2d, The effect of lamp-black heat, also without a screen, was observed by the 

same galvanometer. 
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3d, The wires of the pile were then transferred to a more sensitive galvano- 
meter, and the effect of lamp-black heat observed, the glass screen being inter- 
posed. ? 

4th, The sensitive galvanometer and glass screen being retained, the effect of 
rock-salt heat was lastly observed. 

By this method of experimenting, it was merely the relation between the 

diathermancy of the screen for lamp-black heat and for rock-salt heat that was 

measured ; its absolute diathermancy for either of these heats not being deter- 

mined. ‘Two sets of experiments, conducted in this manner, gave the following 
result :— 

By the first set, calling the proportion of the whole lamp-black heat which 

passed the screen 100, that of the rock-salt heat which passed the same screen 
was 54. And by the second set, these numbers were 100 and 60. 

12. As in these experiments with a glass screen the proportion of heat passed 

is very small, great numerical accuracy cannot be looked for, and the results 

obtained are valuable, rather as determining the direction and character of a fact, 

than as measuring the extent to which it holds. 

13. It is already well known, that rays of great refrangibility or small wave- 

length pass through glass and mica more readily than those of an opposite character. 

The difficulty with which rock-salt heat penetrates these substances, as compared 

with ordinary heat, might therefore lead us to infer that the wave-length of this 

heat is greater than that of ordinary lamp-black heat. 

14. If, therefore, the heat radiated by rock-salt is of great wave-length, since 

(First Series, Art. 19) the quality of the heat radiated is the same as that of the 

heat absorbed, it follows that the heat most absorbed by rock-salt must be heat 

of great wave-length ; and this derives confirmation from a fact noticed by Pro- 

fessor ForBEs, viz., that rock-salt passes a somewhat greater proportion of heat of 

high temperature than of that of low; heat of high temperature possessing a less 

average wave-length. 

15. If we look now to the relative transmission of the two descriptions of 

heat through mica split by heat, we see that the facility of transmission is yet in 

favour of ordinary heat, but not so strikingly as with a screen of common mica. 

This will be seen from the following table :-— 

TABLE II. 

Transmission of Transmission 

Nature of Screen. Ordinary Heat, of Rock-salt Heat, 
at 212°UR. at 212° F, 

Mica, : is A f : 2 100 58 

Mica split by heat, .. : : : 100 76 
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Compare this with the following table, deduced from the results given by Pro- 

fessor Fores, in the Fourth Series of his Researches, Art. 9. 

TABLE IIT. 

Transmission of Heat Transmission of 

Nature of Screen. F from Blackened Brass, Black Heat, 
at 700° F. Fin, PANS Je 

Mica ‘015 inch thick, . , i : 100 52 

Mica split by heat, .. : : t 100 64 

From a comparison of these two tables, it will be seen that, as tested by the 

two substances, mica and mica split by heat, rock-salt heat at 212° F. bears to 

ordinary heat of that temperature a relation similar to that which ordinary heat 

at 212° F. bears to heat at 700° F.; that is to say, that just as heat of 212° F. 

has a greater wave-length than heat of 700° F., so rock-salt heat at 212° F. has 

a greater wave-length than ordinary heat at that temperature. And the surface 

stoppage produced by splitting the mica, telling most powerfully upon heat of 

high temperature, or small wave-length, while the stoppage by substance is in the 

opposite direction, we see how the one effect tends, to a certain extent, to neutra- 

lize the other, rendering the proportions of different kinds of heat passed by split . 

mica more nearly alike than those passed by ordinary mica. 

16. All these experiments concur in showing, that heat from rock-salt pos- 

sesses very great wave-length, and probably heat from a thin plate of this sub- 

stance, at a low temperature, may be found to possess a greater average wave- 

length than any other description of heat which can be exhibited. 

Third Group of Experiments described. 

17. I now proceed to describe the third group of experiments, or those on the 

radiation of glass and mica at high temperatures. 

A. Glass.—For the experiments on glass, the following apparatus was used :— 

The pile was placed within a box, and surrounded with cotton wadding. The 

orifice through which radiant heat was admitted 

into the box consisted of a brass tube A B, blackened 

in the inside. The diameter of this tube was 4 inch, 

its length 3 inches, and during the greater part of 

its length it passed through water, contained in the 

chamber CEF'D. The side of the box (C A D) next the pile was lined with tin- 

foil. Owing to the small divergence of the rays of heat which had to pass through 

the narrow tube, the cone might be placed several inches to the left of A without 

sensibly weakening the effect, and, on the other hand, the source of heat might be 

placed some distance to the right of B without ceasing to fill up the field of view. 
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By this means, the distance between the pile and the source of heat being consider- 

able, no currents of heated air from the latter would be able to reach the former ; 

and as the tube A B was blackened in the inside, and passed through water, re- 

flection and secondary radiation would both be avoided. By means of a lid fitting 

on the tube at A, the aperture might be diminished at pleasure. The pile was con- 

nected with a very sensitive galvanometer. 

When glass at a high temperature was the source of heat, a very small aper- 

ture was sufficient, and thus the advantage was gained of having the whole field 

covered with glass, all at a high temperature, which could not have been the case 

had the aperture been large. 

Slips of glass about 3 inch broad were used, and were set vertically, just touching 

a gas flame from a Bunsen’s burner. When two slips—one behind the other— 

were used, the one just touched that portion of the flame next the pile, and the other 

that portion furthest from it. A cross section of the arrangement is shown above. 

A single slip of glass about ‘1 inch thick thus heated gave a deviation of 16°°5, 

while two slips, the one behind the other, gave 18°5. When the slips were -05 

inch thick these numbers were 29°-1 and 36°°3. 

18. From these experiments we may conclude, that at a high temperature, 

700° or 800° F., the radiation from two plates of glass, one behind the other, 

is sensibly greater than that from one—a result which does not hold for glass at 

212°. Or the fact may be stated thus :-— 

The radiation of a single plate of glass bears a smaller proportion to the total 

radiation at 700° than at 212°. 

19. It was next tried whether the capacity of a glass screen for passing heat 

from blackened copper at 700° was altered by its being heated. 

In order to ascertain this, blackened copper at 700° F. was placed behind a 

slip of glass, and the amount of heat from the copper which passed the glass was 

observed 

Firstly, When the glass was cold. 

Secondly, When it was heated to between 700° and 800° F. 

20. As in these experiments the considerably fluctuating temperature of the 

source of heat causes a somewhat large difference between successive observations, 

and renders necessary a great number in order to arrive at a correct result, it was 

thought desirable, instead of using momentary deviations, to employ permanent 

ones. This was done with complete success ; the application of the heated copper, 

or its removal, causing an unmistakeable alteration of the position of the needle. 

21. The experiment was then varied in the following manner :—The needle 

was kept permanently deviated by the heated glass, and the momentary swing 

due to the application or withdrawal of the heated copper was noticed, and was 

compared with that occasioned by the hot copper when the glass was cold and 
the needle at zero. 
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22. These experiments, which are not, perhaps, individually susceptible of very 

great exactness, agreed, however, in rendering it probable that glass, owing to its 

being heated up to about 700° F., does not change its diathermancy for heat of 

700° F. 

23. B. Mica.—The experiments on mica were made with the ordinary galvano- 

meter. <A piece of mica, thickness about ‘008 inch, being used as a screen, and 

a diaphragm, ‘65 inch square, at the distance of 3 inches from the mouth of the 

pile, being employed, the mean of two sets of experiments made the proportion of 

black heat of 200° F. passed by the mica to be 13 per cent. Placing an additional 

diaphragm of same size 34 inches beyond the first, and using as a source the tem- 

perature of 400° F., the mean of two sets of experiments made the proportion of 

heat passed by the mica screen to be 21 per cent. 

In order to test whether the apparently greater diathermancy of the screen for 

heat of 400° F. was owing to the difference in the nature of the heat, or to the 

heat at 400° F. striking the screen more nearly at a perpendicular incidence, 

and thus experiencing less reflection as well as passing through a smaller thick- 

ness of mica, an experiment was made on heat at 200° F., with the arrange- 

ment and distance used for heat of 400° F., which seemed to show that this 

difference of distance does not affect sensibly the proportion transmitted. We 

may therefore conclude that the difference in the proportions transmitted is owing 

to a difference of quality in the two descriptions of heat. 

24. A cast-iron box was next constructed, having this same plate of mica 

inserted as a window, so that, while one side of the box consisted merely of a 

moderately thin plate of cast-iron, the other, except round the edges, was com- 

posed of mica. The cast-iron side was then blackened, and the box filled with mer- 

cury. A thermometer inserted in the box measured the temperature. At 200°F., 

with the usual diaphragm 3 inches from the mouth of the pile, the proportion 

between the radiation of the blackened side and the mica window was, by the 

mean of 3 sets of experiments, as 100 to 87°8, while at 400° F., with the usual 

arrangement of 2 diaphragms, the same proportion was 100: 84:1. 

25. Let us endeavour to discuss these results. The radiation from the mica 

window consists of three portions :— 

a, The proper radiation of the mica plate. 

G6. That portion of the radiation of the mercury which has been able to pene- 

trate the mica plate. 

.That portion of the radiation of the mica which, striking upon the mer- 

cury, is reflected back by it and has penetrated the mica plate. 

Now, supposing there was no mercury behind the mica, and that mica be- 

tween 200° and 400° does not alter its diathermancy as a screen in any respect, 

let us inquire what ought to have been the result obtained. Then, since the radi- 

ation of a thin plate equals its absorption (First Series, Art 19), and since the 
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absorption of this mica plate was 8 per cent. less at 400° than at 200° (Art. 23), 

its proportional radiation ought to be 8 per cent. less at 400° than at 200°. 

26. But the effect of the mercury behind the mica manifestly tends to 

diminish this difference. For we know that the mica (Art. 23) passes 8 per cent. 

more of lamp-black heat at 400° than at 200°; it will therefore no doubt pass a 

greater proportion of the heat from the mercury behind at 400° than at 200°. But 

we have reason to think that the radiation of mercury is nearly + of that of lamp- 

black* ; consequently we may suppose that owing to this action of the mer- 

cury, the proportional radiation of the mica window at 400°-is increased about 

1 of 8, that is, 2 per cent. This therefore reduces the difference from 8 to 6 

per cent. 

27. But the mercury acts in another manner also in the same direction. 

Had mercury been a perfect reflector, its presence behind the mica would have been 

equivalent to doubling the thickness of the plate; for it would have sent the whole 

radiation of the mica that fell upon it back through the mica. But the difference 

between the proportional radiation at 200° and at 400° is less for a thick plate of 

mica than for a thin one (indeed, when the plate is indefinitely thick, this differ- 

ence vanishes, and the proportional radiation is the same at all temperatures) ; 

this action of the mercury, therefore, would tend still further to diminish the already 

diminished difference of 6 per cent. The amount of this action cannot be far from 

2 per cent.,; in which case the 6 per cent. would be reduced to 4 per cent. ; now 

3°7, or, in round numbers, 4 per cent. is the observed difference between the pro- 

portional radiation of the mica window at the temperatures 200° and 400°. 

28. We see thus that the behaviour of the mica as a screen, compared with 

its behaviour as a radiator, agrees very well with the supposition which we made 

in Art. 25, viz., that mica between the temperatures of 200° and 400° does not alter 

its diathermancy in any respect ; a result similar to that which we have already 
deduced for glass (Art. 22) between somewhat wider limits. 

29. Experiments with the same object in view, but of a more direct descrip- 

tion, were made upon mica, similar to those already described as having been made 

upon glass, that is, it was endeavoured to ascertain whether hot mica passed as 

much heat from hot copper as cold mica; but in these experiments the fluctua- 

tion was very considerable, probably owing to the small body of the mica. Never- 

* Proyostaye and Dzsains estimated the proportion of heat reflected by mercury to be 77 per 
cent. The radiation, being complementary to this, may be reckoned to be 23 per cent. nearly. 

+ It would have been better to have tested, by means of a direct experiment, to what extent the 
difference between the proportional absorption or radiation of mica at 200° F. and at 400° F. would 
have been diminished by doubling the thickness of the plate; but unfortunately the plate of mica 
was so much cut up by being used as a window, as to be unfit for being formed into a double screen. 

We see, however, from Art. 37, that while the difference between the proportional radiation of a 

plate of glass (thickness ag’) at 100 C. and 390 C. is 9 per cent., the same difference for a plate 
of double the thickness is only 7 per cent., or 2 per cent. less. We may, therefore, without much 
risk of error, adopt this difference of 2 per cent. for the mica under experiment. 
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theless, they confirmed the results above obtained, viz., that mica does not change 

its diathermancy in any respect owing to its being heated. 

30. We may therefore conclude that this property (at least within moderate 
limits) is common both to glass and mica, and indeed, @ prior, there appears no 

good reason why the mere heating of a substance should change its diathermancy. 

It is the theoretical importance of this property that has induced me to take 

pains to verify it experimentally, and its importance will be seen from some of 

the consequences which follow its establishment, which I shall now proceed to 
discuss. 

On the Law which connects the Radiation of a Body with its Temperature. 

31. The experiments of Dutone and Petir upon the cooling of two thermo- 

meters, one naked, and the other covered with silver, seemed to show that the pro- 

portion between the radiations of these two substances was the same at the 

different temperatures of experiment. 

Now, I have endeavoured to prove in these researches— Ist, That the radiation 

of a thin plate at any temperature equals its absorption of black heat of that tem- 

perature. 2d, That the diathermancy of glass and mica (and probably of other 

substances) is not altered by heating the substances. Again, it is well known 

that substances are generally more diathermanous for heat of high, than for heat ~ 

of low temperature ; it follows that the radiation of a thin plate of a substance 

at a high temperature should bear a less proportion to the total radiation of that 

temperature than at a low temperature. 

32. While, therefore, it is likely that the radiation of a silvered thermometer 

(silver-leaf being quite opaque for all heat) will bear a constant relation to that of 

a blackened thermometer at all temperatures; we should expect that for a naked 

thermometer, just as for the mica window, the radiation should bear a somewhat 

less proportion to the total radiation at a high temperature than atalow. We 

should therefore expect the radiation of the naked thermometer to increase some- 

what less rapidly with the temperature than that of the silvered thermometer. 

DutLone and Petir, nevertheless, found the rate of increase to be the same for 

both. 

33. Now, in the first place, since glass is exceedingly opaque for heat even of 

300° C. (the highest temperature experimented on), the difference we are in search 

of (analogous to the difference of 4 per cent. in the mica window) would be exceed- 

ingly small. But, inthe second place, DutonG and Petit had two thermometers, 

one of which, containing about 3 lbs. of mercury, was used for high, and the other 

and smaller one for low temperatures. ‘This latter circumstance will complicate or 

even vitiate their experiments so far as regards this peculiar difference we are 

treating of. 
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34. Although, for these reasons, attaching little importance to DuLone and 

Perit’s observations, so far as varying diathermancy is concerned, yet it may be 

well to state that they show, on the whole, a very small difference in the direc- 

tion which would indicate a superior diathermancy of the glass at a high tem- 

perature. 

35. Assuming it proved that the proportional radiation of a thin plate is less 

at a high than at a low temperature, I shall now endeavour to show that this 

difference increases as we diminish the thickness of the plate. To prove this, it 

is only necessary to exhibit the following table, given by MELLONI :— 

TABLE IV. 

Number of Rays out of 100 passed, 

Thickness of Glass d Incandescent Black Copper, at | Blackened Copper, 
Locatelli Lamp. 390° C. at 100° G. 

Screen. Platinum. 

mm 
0:07 77 57 34 

5 54 37 12 

1-0 46 

2 41 

+ 37 

6 35 

8 

36. We have already seen that glass does not change its properties with 

regard to heat, by being raised to the temperature of 390° C.; it is perhaps, how- 

ever, too much to conclude, that when heated to the temperature of a Locatelli 

lamp, its properties would remain unchanged. At all events, in order to make 

use of the whole of the above table, we may suppose the properties of the glass 

to remain the same throughout, especially as the results we shall deduce from 

the supposition will be of the same nature as if we had only extended it to glass 

at 390° C. 

37. Presuming, therefore, that the diathermancy of glass does not alter 

through its being heated, and allowing 4 per cent. as the proportion of the heat 

striking it reflected from the first surface of a glass screen, and supposing also the 

same proportion of the heat which is able to reach the second surface to be re- 

fiected from it, we may, on the principle that the proportional radiation of a plate 

equals its proportional absorption, construct the following table a 
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TABLE V. 

Proportional Radiation of Glass Plates at different Temperatures (Radiation of Lamp-black= 100). 

Thickness of Plate.| 5 emP hae Beene oe 390° C. | 100° ©. 

mm 
0:07 16 37 61 | 84 

| 5 40 | 58 84 95 

1-0 48 64 87 96 

| 2 53 70 89 96 

4 | 58 | 75 | 91 96 

6 60 | 77 92 96 | 

8 61°5 78 92°6 | 96 MM EE eles ae ue sacl 

38. Let us call the proportional radiation of a glass plate at 100° C. unity, 

and we derive the following table. 

TABLE VI. 

Proportional Radiation of Glass Plates at different Temperatures, their respective Proportional 
Radiations at 100° C. being reckoned Unity. 

Thickness of Plate. 100° ¢, 390° © Yee Ae oe ae eae ere 

mm 
. 

0-07 is 72 ‘44 19 

19) HH 88 ‘61 42 

1:0 1 “91 66 “50 

2 1 93 ‘73 05 

4 1 ‘95 ‘78 60 

6 iL ‘96 80 -62 

8 1 *965 ‘81 ‘64 

39. We see thus that the radiation of thick plates of glass increases most 

rapidly, and that of thin plates least rapidly, as the temperature increases, and 

we may suppose, that if we could procure a plate of glass of sufficient tenuity, we 

might (without heating the plate at all), by finding its absorption for heats of 

different temperatures, find its radiation at those temperatures, which (if the 

plate were thin enough) would give us the law of radiation of a glass particle. 

This law would not increase nearly so fast with increasing temperatures as 
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Dutone and Petit’s law; it may even be that the radiation of a glass particle is 

proportional to its absolute temperature. 

40. But all substances (with the exception of black mica and black glass, 

whose peculiarity may perhaps be otherwise explained) have the same properties 

as glass with regard to heat; that is, they are more diathermanous for heat of 

high than for heat of low temperature. The radiation of thin plates or particles 

of all substances will therefore increase less rapidly with temperature than that 

of black surfaces. It may therefore be, that the same law of radiation is common 

to very thin plates or particles of all bodies; this law (whatever it be) giving, in 

all cases, a less rapid increase of radiation with temperature than is indicated 

by Dutone and Petit’s law. Had, however, the diathermancy of thin plates 

of different substances in some cases diminished, and in others increased for 

heat of high temperature, the law of radiation of a particle could not have been 

the same for all bodies. 

The generality of this law of increased diathermancy of all bodies for heat of 

high temperatures seems. therefore, to me to argue in favour of the universality 

of the unknown law of particle radiation which depends upon the former. 

41. What, then, does Dutone and PeEtrt’s law express? The answer is, It 

expresses the law of radiation of indefinitely thick plates, and we have shown 

that it increases faster than the law of radiation of a material particle. 

To facilitate the comprehension of this subject as much as possible, I have put 

it in the following shape. Suppose we have two substances opposite one another, 

the one having the temperature of 0’, and the other of 100°, the latter will of 

course lose heat to the former—let us call its velocity of cooling 100. 

Suppose, now, that (the first surface still retaining its temperature of 0°) the 

second has acquired the temperature of 400°; then we should naturally expect 

the velocity of cooling to be denoted by 400; but by Dutone and Petit’s law, it 

is much greater. The reason of the increase may be thus explained. At the 

temperature of 100°, we may suppose that only the exterior row of particles of 

the body supplied the radiation, the heat from the interior particles being all 

stopped by the exterior ones, as the substance is very opaque for heat of 100°; 

while at 400° we may imagine that part of the heat from the interior particles is 

allowed to pass,: thereby swelling up the total radiation to that which it is by 

Duotone and Petit’s law. 

42. We have thus ascertained—1s¢, That DuLone and Pertir’s law is not the 

law of radiation of a material particle; and, 2d, That this law increases less 

rapidly with the temperature than DuLone and Perir’s law. But now the ques- 

tion arises, Can any method be indicated of ascertaining experimentally the law 

of radiation of a material particle ? 

Now, by continually diminishing the thickness of the plate whose radiation at 

different temperatures we are ascertaining, we certainly approach nearer and 
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nearer to the desired law, and, by using the method indicated in Art. 37, we may 

avoid heating this plate at all, and thus overcome one source of experimental dif- 

ficulty. Yet the thinnest plate we can procure of a substance such as glass or 

mica acts, to all intents, as an indefinitely thick substance for a great many of 

the rays of heat—that is, it stops them all. The change, therefore, of the unknown 

law of particle radiation into DuLone and Perit’s law will, to a great extent, 

have taken place even within this very thin plate; so that, in order to reach the 

desired law, or even approximate to it, we should have to use much thinner plates 

than we could possibly procure; and, even without the necessity of heating the 

films, the experimental difficulty and labour of such an investigation would be 

very great. ; 

On the other hand, we may suppose that, since a thin film stops so much 

heat, a portion may be stopped in the physical surface of the body, and the ab- 

sorption might thus influence the law of reflection of heat from the surface. The 

amount of this influence depending on the absorptive nature of the particles, we 

might be able to measure the absorption, and, consequently, the radiation of the 

physical surface, that is, of a very thin plate. 

But, in the first place, the difficulties of such an investigation would be even 

greater than in the previous case; and, in the second place, the true law of reflec- 

tion is not yet finally settled. 

I am therefore induced to think, that it is nearly hopeless to attempt to ascer- . 

tain the true law of radiation of a material particle, at least by any method of 

experimenting depending upon the use of thin plates, or on the change which ab- 

sorption may be presumed to cause in the amount of heat reflected from the sur- 

face of a body. 

Epinzuren, March 22, 1859. 

On General Diathermancy (added 15th June). 

43. Circumstances having occurred which may interfere in the meantime with 

my further experiments on heat, I annex to this paper an account of some experi- 

ments made since the date of reading. These were proposed with the view of as- 

certaining whether diathermancy is confined to rock-salt, or whether other bodies 

partake of this property. Ifthe latter be the case, the reason why we have not 

hitherto ascertained it to be so is evidently the difficulty of obtaining crystals of 

many bodies sufficiently large to operate upon; and if we wish to prove these 

diathermanous we must do so in a way that does not render necessary the use of 

large crystals. 

44. Now, a body that is transparent for light, forms, when pounded, a white 

powder, or one that reflects a great deal of light. It will be granted that the rea- 
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son of this is because we have not only the reflection from the outer surfaces of the 

crystals, but also from many interior surfaces. Now the same remark is appli- 

cable to heat. A body that is diathermanous or transparent for heat should, as 

a powder, be white for heat, or, in other words, reflect it. But (First Series, Art. 

31) the reflection plus the radiation of a body at any temperature equals the 

lamp-black radiation of that temperature. Hence a powdered diathermanous 

substance ought to radiate less than lamp-black. Accordingly, different sub- 

stances having been pounded into a fine crystalline powder, made into a paste 

with water, spread on the two sides of parallelopipedons of wood, dried, and 

one of the sides, when dry, rubbed over with lamp-black, the following result 

was obtained :— 

TABLE VII. 

Radiation at 212°. 

Name of Substance. White side. Black side. 

Table Salt . : : 83:1 100 

White Sugar : . 98°7 100 

Alum . : : . 100-0 100 

Sulphate of Potash : 88-1 100 

Nitrate of Potash . : 86:7 100 

45. Thus we see that table-salt being white for heat, the radiation of the white 

side is less than that of the black side; and further, white sugar and alum being 

both nearly black for heat, the radiation of the one side is nearly equal to that of the 

other. Wesee, moreover, that sulphate of potash and nitrate of potash, especially 

the latter, are white for heat, although not quite so much so as table-salt. May we 

not therefore presume that these substances are diathermanous? There is, more- 

over, the following method of confirming the testimony in favour of the diather- 

mancy of these substances as derived from this experiment. 

46. Table-salt being white for heat, part of the reflected heat will be composed 

of rays which have been reflected from the internal surfaces of crystals. Such 

rays have therefore been sifted, having left behind that description of heat which 

passes with difficulty through rock-salt, and also (Art. 9) through mica. The 

whole reflected heat from a surface of table-salt should therefore be of a nature 

which passes more easily through mica than ordinary heat, and (First Series, Arts. 

31 and 33) since the sum of the reflected and the radiated heat is equal both in 

quantity and quality to that from lamp-black, it follows that the radiated heat from 

table-salt (and probably from other substances white for heat) should, in order to 
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make up the average quality, havea somewhat greater difficulty in passing through 

mica than ordinary lamp-black heat. Accordingly, it was found that the diather- 

mancy of a mica screen for heat from table-salt was less than that for ordinary 

lamp-black heat in the proportion of 92 to 100, while it was less for heat from 

pounded sulphate of potash in the proportion of 93 to 100, thus confirming the 

analogy between rock-salt and sulphate of potash. No such difference was 

observed for heat from sugar. 

47. We see also from the above table that the radiation and therefore the ab- 

sorption of table-saltis 83:1 per cent., leaving 16°9 per cent. for the reflected heat. 

Now Metuont found that chalk absorbed 56:6 per cent., and consequently reflected 

43:4 per cent. of heat from a Locatelli lamp ; and if we suppose table-salt to be at 

least as white as chalk for heat of that temperature, we must conclude that table- 

salt is less white for heat of 212° than for heat from a Locatelli lamp, following m 

this respect the same law as,chalk, which, from being nearly black for heat at 

212°, becomes comparatively white for heat from a Locatellilamp. There is also 

little doubt that table-salt reflects more than 16-9 per cent. of the light that falls 

upon it. Hence we may conclude generally that powders even of diathermanous 

bodies are less white for heat of low temperature than for heat of high temperature 

and for light. 

48. It would also seem, that although, comparing one powder with another, 

there is no relation between apparent whiteness and whiteness for heat, since it 

was found that very white surfaces of pounded sugar and alum (the particles com- 

pressed, not made into a paste with water) reflected little or no heat; yet, com- 

paring powdered surfaces of the same diathermanous body together, there seems 

to be some relation between their apparent whiteness and their whiteness for heat, 

insufficient pounding, or any circumstance which diminishes the apparent white- 

ness, diminishing also its whiteness for heat. 
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VII, —Inquiries about Terrestrial Temperature ; to which is added an Index to M. 

Dove's Five Memoirs on the Temperature of the Globe. By James D. Forzes, 

D.C.L., F.R.S., Sec. R.S. Ed., Professor of Natural Philosophy in the Univer- 

sity of Edinburgh. 

(Read 7th March 1859.) 

1. To find the numerical law according to which the temperature of a place 

varies with its latitude, is an empirical problem which has, since the middle of 

the last century, from time to time engaged attention. 

2. LAMBERT, Mayer, and Kirwan in the last century, Ds HumBotpt, Brewster, 

Kamrz, and Dove in the present, may be cited amongst those who have investi- 

gated formulze which express, with more or less accuracy, the mean temperature 

of a place in terms of its latitude. 

3. The formulze proposed are mostly reducible to two types—a variation de- 

pending upon the cosine of the latitude simply (that of Sir D. Brewsrsr), and 

one depending on the square of the same quantity (that of Mayer). 

4, There is no doubt a measure of truth in both these assumptions. If we 

select maritime stations in the northern hemisphere (and these, on the whole, 

furnish the most numerous class of observations), the simple cosine affords a re- 

markable approximation to the law of terrestrial temperature. If we take exclu- 

sively observations in the interior of continents, then the temperature decreases 

more nearly with the square of the cosine; and if we include both classes of 

stations indifferently, the approximation afforded by the latter law seems still to 

be the best. 

5. To De HumsBo.pt, Kamrz, and Dove, we are indebted for the most important 

accumulations of materials derived from observation for the elucidation of this 

subject. Ds Humsoupt, however, had the singular merit of giving an empirical 

generalization of the facts by means of his isothermal lines, which indicate, in a 

manner equally natural and instructive, the distributionof temperature over the 

globe, after correction for the elevation above the sea of the places of obser- 

vation. 

6. The same philosopher pointed out with great skill and acuteness the physical 

influences which prevent the isothermal lines from being everywhere parallel to 

the equator, such as the irregular distribution of land and water, and the influence 

of permanent or periodical currents in the ocean and the air. 

7. Thus, in his hands, this part of the science of meteorology passed out of the 

domain of barren mathematical generalization into that of rational physics. 

8. Sir Davip BrewstTER endeavoured later to show that there are two poles or 
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centres of extreme cold in the northern hemisphere, connected with the predomi- 

nant masses of land in Siberia and Arctic America; and he ingeniously suggested 

that the isothermal lines might form a connected set of double curves, analogous 

to lemniscates, round these centres as poles. With this assumption, he was led to 

propose a formula for the mean temperature of any place depending on the pro- 

duct of the sines of its angular distances from the two cold poles. M. Dove con- 

tests the existence of two centres of minimum temperature in the annual means ; 

yet his researches make it exceedingly probable that they do exist in winter, as 

at most seasons there are also two centres of greatest heat in the tropical regions, 

depending partly on the local accumulation of land, partly on the peculiarity of 

the marine currents. 

9. But the most instructive mode of indicating the climatic irregularities of the 

globe, subsequently to the isothermal lines of Dz Humsoupt, is Dove’s represen- 

tation of what he calls the “Thermic Anomaly,” by means of “Isabnormal 

Curves.”* The principle of these curves is the following :—The average tempera- 

ture of every tenth parallel of latitude is taken by tabulating its temperature at 

36 equidistant points—that is, on every tenth meridian. These numbers are best 

obtained from the isothermal curves on the plan of De Humpoupr. The tempera- 
ture of any place on the given parallel is then compared with the mean of the 

parallel, and lines are drawn through all those places whose temperature is 1’, 

2°, 3°, or more degrees above the mean of the parallel; and other curves are drawn 

through points which are 1°, 2°, &c., be/ow the mean of their respective parallels. 

These deviations + or — from the mean of the parallel are called the ‘‘ Thermic 

Anomaly,” representing, in fact, all the heating or cooling causes in action at a 

given place, independently of its distance from the equator. The curves so drawn 

are called the ‘‘ Isabnormal Curves of Temperature.” The whole globe is thus di- 

vided into two vast, but not necessarily continuous regions; the one having a 

temperature higher than the mean due to the latitude, and the other having a 

temperature below the mean. Centres of re/ative maximum cold, coinciding 

nearly with the Cold Poles of Sir Davin BrewsvtsEr, are found in the regions 

of Hudson’s Bay and of Eastern Siberia. 

10. The isabnormal curves may also be formed for different seasons, when they 

become very instructive. In winter, the relatively cold centres of the northern 

hemisphere are within the continents, and the relatively warm centres are in the 

North Pacific and North Atlantic respectively ; in summer these positions are re- 

versed, beautifully pointing out the effect of the ocean in equalizing the tempera- 
ture of the globe. } 

11. To ascertain the “ Thermic Anomaly,” M. Dove, of course, required to fix 

as exactly as possible the mean temperature of every tenth parallel of latitude, 

* The Distribution of Heat over the surface of the Globe, &c. Plates IV.and V. 4to. Lon- 
don, 1853 
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which he did by the method which I have indicated above.* Preliminary to this, he 

had amassed and discussed an unprecedented amount of observations, as well for 

the mean annual temperature as for that of each month in the year.+ ‘The results 

form by far the most valuable body of information which we possess on this sub- 

ject. It is still, however, very much to be desired that M. Dove would add yet 

another to his various contributions to climatology; and that is a MercaTor’s 

chart on a large scale, and well engraved (similar to that of Dupsrrey for the di- 

rection of the magnetic needle), indicating all the places for which he has obtained 

the mean annual temperature, with that temperature (as reduced by him to the 

sea-level) engraved in figures on the chart, and the isothermal curves drawn 

amongst these figures, as M. Erman has so well done with reference to the mag- 

netic declination. At present we are deficient, not only of a precise and easily 

tested indication of the evidence on which the isothermal curves at any given 

part of the globe (and especially at sea) are determined, but owing to the small 

scale and rather rude execution of existing maps, and their occasional disagree- 

ment with one another, there is often a difficulty in making them as useful as they 

might otherwise be. M. Dove must be in possession of all the materials of such 

a chart; and it isto be hoped that he will add to the benefits which he has already 

conferred on the science of meteorology by its speedy publication. 

12. The “Thermic Anomaly,” of which I have spoken above, which is nothing | 

else than the expression of the effects of climatic influences not immediately de- 

pending on the latitude, is primarily due to the irregular distribution of land and 

water. Were the earth’s surface homogeneously constituted, were it all land or 

all water, the symmetry of the different meridians would be perfect,—there could 

be no assignable cause for a variation in the gradation of climate from the equa- 

tor to the pole depending on the longitude. The isothermal lines would coincide 

with the parallels of latitude, and the inflections of the isothermal lines, which, 

in the language of M. De Humsoupt, are precisely what the thermic anomaly is 

in the language of M. Dove, would cease to exist. 

13. The irregular intermixture of oceans and continents acts primarily by the 

inequality of the absorption and detention of the solar rays by land and water, and 

by the laws of conduction and of convection which regulate the internal motion of 

heat in the one and in the other. But, secondarily, the consequences of this irregu- 

larity are not less important in producing currents of the air and ocean. Heat 

* The Distribution of the Heat of the Globe, &c., p. 18, &c. London, 1858. [The same work 
was published in German at Berlin. In point of fact, the annual mean temperatures of the parallels 
are derived by M. Dove from the average of the twelve months separately considered, and projected 
in monthly isothermal lines. It would probably be preferable to deduce them from the annual curves 
alone, which rest on a surer basis. ] 

+ See his “ Five Memoirs” in the Berlin Transactions, “ Ueber die nicht periodischen Aenderun- 
gen der Temperatur vertheilung aufder Oberflache der Erde,” and his “Temperature Tables,” in Re- 
port Brit. Assoc,, 1847, 



78 PROFESSOR FORBES’ INQUIRIES 

or cold travel to or from the interior of continents, or parallel to their shores, in a 

manner which physical theories may indicate in a general way, but cannot possi- 

bly evaluate with accuracy. Further, the periodical conversion of vast surfaces 

of salt and fresh water into the state of ice must alter, for a portion of the year, the 

laws of temperature. 

14. The secondary anomalies just referred to are in their nature in a great 

degree compensatory. If acurrent of hot water moderates the cold of a Lapland 

winter, the counter current, which brings the cold of Greenland to the shores of the 

United States, in a great measure restores the balance of temperature, so far as it 

is disturbed by this particular influence. The prevalent winds, in like manner, 

including the trade-winds, though they render some portions of continents on the 

average hotter or colder than others, produce just the contrary effect elsewhere. 

Each continent, if it has a cold eastern shore, has likewise a warm western one, 

and even local winds have for the most part established laws of compensation. In 

a given parallel of latitude all these secondary causes of local climate may be 

imagined to be mutually compensatory, and the outstanding gradation of mean or 

normal temperature will mainly depend—l1sé, Upon the effect of latitude simply ; 

2d, On the distribution of land and water considered in their primary or statd- 

cal effect, which in a first approximation we may conceive to be proportional to 

their relative areas. 

15. Assuming, then, the data with which the tables and charts of M. Dove fur- 

nish us, I propose first, to inquire what portion of the average temperature of the 

globe in each parallel is due to the land, and what to the water, which respectively 

belong toit. Next, I propose to obtain a formula, empirical, indeed, yet involving 

the elements of physical geography as data, for expressing the mean temperature of 

a given parallel, and thence arrive at an approximate answer to the inquiry as to 

what would have been the equatoreal or polar temperature of the globe, or that of 

any latitude, had its surface been entirely composed of land or of water,—a result 

not without interest in cosmical speculations, even if subject to some margin of 

uncertainty. 

16. Every one acquainted with physico-mathematical investigations, especially 

those of more recent times, is aware that the flexibility of an algebraic formula in- 

cluding several constants is such, that its coincidence with a series of graduated 

observations must be very cautiously admitted as any proof whatever of the relation 

of the numbers being otherwise than empirical. My object here being to obtain 

a formula necessarily involving several constants, but with a certain physical 

significance, the importance of testing the parts of the formula by independent 

analogies cannot be overrated. In order, therefore, to show that the result of my 

labours has been something more than the mere empirical coincidence to which 

I have referred, it will be necessary to trace the course of the approximation and 
verification which I adopted. 
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17. § L. The gradation of mean temperature from the Equator to the Pole empiri- 

cally represented. 

I have referred to the attempts which have been made during the last hundred 

years to find an empirical formula showing the gradation of temperature, from the 

Equator to the Pole, in the northern hemisphere. Setting wholly aside, and en- 

deavouring as far as possible to forget for the moment any formule of the kind, I 

started a fresh with the numbers given by M. Dovein his work already cited (par. 9), 

and, by a process considerably indirect, I obtained a formula which represents 

these numbers with greater exactness than perhaps any other yet employed. 

The form of the expression is indeed coincident with that probably first used by 

M. Kamrz, expressing and suggested by the physical fact, that the temperature of 

the globe (on an average of all meridians) reaches its maximum, not at the Equa- 

tor, but somewhat farther north ; according to this formula, in lat. 6° 30’ N. 

- 18. The formula (purely empirical) is this :— 
T=80%8 cos? (A—6° 30’), 

where T is the mean annual temperature on Fahrenheit’s scale, of the parallel 

whose latitude is A. 

19. The following table contains a comparison of this formula with numbers 

derived from M. Dove’s charts and tables :— 

Tasre I. 

en by Temp. Difference of ae By Temp. Difference of 
North Lat. ape oe by Rona: Formula. Mogi Eee ee ek by Formula.| Formula. 

0° 79°°7 79°:8 +0°1 60° 29°-8 28°°6 —1°2 

10 Wes 80-5 +0°6 65 22-6 22°] —0°5 

20 Miho 76 °4 —1:1 70 16 °4 I cal —0°:3 

30 69 8 G7 9 —1°9 75 10-7 10-8 +01 

40 56 °5 56 *2 —0°3 80 6-8 6°5 —0°3 

50 42:5 42 °5 0:0 90 2°3 1:0 = il os 

20. On this table I have to remark, that the numbers in the second column for 

the latitudes 50°, 60°, and 70°, differ by +0°-8, —0°4, and +0°-4, from those given 

by M. Dove at page 14 of his Distribution of Heat, &c. The numbers adopted 

have been deduced from a most careful investigation from M. Dovr’s more recent 

Polar Chart of Isothermal ‘Lines, in his Klimatologische Beitrdge, published in 

1857.* These numbers sensibly diminish a very manifest anomaly in the pro- 

* It is by no means an easy matter to deduce the mean temperature of a given parallel cor- 
rectly from an isothermal chart. What precise method M. Dove adopted I am not aware. After 
various attempts, I found the following procedure to be the only satisfactory one. Taking eighteen 
equidistant meridians (20° apart), I projected the temperatures indicated by the isothermal lines 
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gression of temperature under the 50th and 60th parallels. The numbers for 80° 

and 90°, and in a great measure also that for 75°, rest upon a method of graphical 

interpolation, explained by M. Doveat p. 13 of his Distribution of Heat, &c., which 

I have verified ; but it must of course be received with considerable allowance. 

The formula is least accurate about latitude 30°, evidently depending on certain 

physical peculiarities which cannot be embraced in so simple an expression.* 

21. The numbers in the second column of Table I. are projected in Plate II. 

§ IL. The Distribution of Land and Water according to Latitude on the Globe. 

22. It has been stated in the introduction to. this paper that the unequal distri- 

bution of land and water on the surface of the globe is the leading cause of the 

irregular distribution of temperature, considered independently of the latitude ; in 

other words, of the Thermic Anomaly. If we are to trace the connection between 

the temperature of a given parallel and the amount of land on that parallel, it 

will be convenient to form a table of this amount for every 10° of latitude, both 

north and south, compared to the entire circumference of the parallel. This is 

as perpendiculars erected on a straight line at intervals corresponding to the latitudes at which they 
intersect the given meridian. An interpolating curve being drawn easily among the extremities of 
these perpendiculars, the abscisse corresponding to every 5° of latitude are ascertained and tabulated. 
The mean of these numbers, taken round the whole circumference, gives the required number for each 
parallel. I think it worth while to preserve the numbers I have obtained, which are given in the 
following table, as they may be of service in future inquiries. I may here add, that the character 
of the climatic gradation in different latitudes is highly instructive. The curves of temperature cor- 
responding to oceanic meridians, such as that of Greenwich, are everywhere decidedly concave to the 
axis (representing a variation depending nearly on the simple cosine), while those of the continents, 
such as longitude 120° E., tend to become convex towards the axis in the higher latitudes (inclin- 
ing to the law of the (cosine)”), or else they form almost a straight line sloping towards the pole. 
This is in conformity with what has already been said in par. 4. See also par. 28 below. 

TaBLE of TEMPERATURES (FAHRENHEIT) deduced from M. Dovz’s Potar Cuart of 1857. 

LonGITUDE East OF GREENWICH. 

Latitude|); ye DT ane 
North. Mean. 

0° 20° | 40° | 60° | 80° | 100° | 120° | 140° | 160° | 180° | 200° | 220° | 240° | 260° | 280° | 300° | 320° | 340° 

50° |]58° |47° |44° | 419-5) 389° | 36° |383°5)37° |41° |42°:5) 47° | 51° | 48° | 88° | 383° |384°%5) 44° | 54°-5|| 425 

60 |/45 5/40 | 386 -5)31 -5) 27-5) 25 120 |22-5)28 |25:°5)27 |386 |29°5)21 |17 | 24-5) 34-5) 42-5) 29 -8 

65 40 |86°5)88 (26 |23 |19-5)138 |18-5}20 {18 |19 |20 {17 |11 {11 |22 | 29-5) 34-5) 22-6 

70 1/83 -5/383 |29-5)22 |20 |15 6:5) 6°5)12 |12 -5) 11-5) 10 5 2°5| 8 |16°5)24 | 27-5) 16-4 

75 ||26 |28 |24 |18-5)16°5)10 | 1 0°5) 5 6-5) 5:5} 3°5)—5 |—1 | 5 |10-5)18 | 21 || 10: 75 

* The great simplicity of the formula (par. 18) turns upon the accidental circumstance of the 
zero of FAHRENHEIT’S scale so nearly coinciding with the temperature of the pole, as Sir D. BrewsTER 
long ago remarked. The formula would represent the numbers of M. Dovz slightly better if a small 
constant term were introduced ; thus, T=1°+ 80° cos? (A—6° 30’), and in using any other thermo- 
metric scale this might be preferred. This formula becomes 

T= —17°2+44°4 cos? (A—6° 30’) on the Centigrade scale. 
T= —13°8 + 35°5 cos? (A—6° 30’) on Reaumun’s scale. 
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done in the following table, commencing from the north pole. The proportions 

were taken by accurate measurement from a three-feet Cary’s globe, with the ex- 

ception of the Arctic regions, which were measured on an Admiralty polar chart. 

Tase II. 

Parallel. Proportion of Land. Proportion of Water. 

90° North Unknown. Unknown. 
50, Unknown. Unknown, 
ov ‘286 “714 

rh See 483 617 

GOs; 568 432 

GX) as 563 437 

40 ,, "445 555 

SON as, 434 "566 

20) 5, 308 692 

BOM hy: 234 "766 

Oise ies 3 ‘216 “784 

—10 South 204 “796 

—20 ,, ‘225 ‘775 

—30 ,, 200 *800 

—40 _,, ‘040 ‘960 

—50 =, 021 “979 

23. The numbers for the land are projected in Plate IIL., fig. 1, and the curve 

rudely drawn through them gives an approximation to a physical law of the dis- 

tribution of sea and land from latitude + 75° to latitude —50°, alittle beyond which 

occurs the only portion of the known globe where the entire circle of latitude 

passes through water, since farther south the antarctic land commences. On the 

other hand, the maximum proportion of land (about six-tenths of the circum- 

ference) occurs in the northern hemisphere, almost exactly upon the Arctic circle. 

§ IL. Hypothesis respecting the Law which Regulates the Temperature in 
Different Latitudes. 

24. From what has been said (par. 14) it will be understood that I regard the 

temperature of a given parallel as a function (1) of the latitude, (2) of the pro- 

portion of land and water in or about that parallel. Our object, therefore, is to 

find the form of the function. And if our proceedings shall appear to be in the 

first instance somewhat arbitrary, the reader is requested to suspend his 

judgment until he sees the independent confirmations which will be afterwards 
adduced. 

25. The following may be regarded as the more fundamental premises or 
postulates :— 

26. First, The law must be that of decreasing temperature throughout, from the 

equator towards the pole; and the arbitrary formula of par. 18, and the curve 
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(Plate I.) show that the decrease is least rapid near the equator, becomes more 

rapid afterwards, and again diminishes somewhat less rapidly (or, at least, its rate 

does not increase) in the highest latitudes. 

27. Secondly, The temperature of a given parallel may be considered as com- 

pounded of two distinct temperatures ; that which would belong to a sphere all 

of water placed under the same external heating influences as our globe; and that 

which would belong to a sphere of land in the same circumstances. Or it will be 

more convenient to consider the sphere of water as the normal condition of the 

globe, and the influence of the land as a disturbing effect superimposed upon the 

fundamental condition of an aqueous globe. 

28. Thirdly, As regards the law of temperature on a sphere of water, which by 

the second assumption (27) is to be taken as the basis of our calculation, it 

has been shown in the introductory part of this paper (4), that on those me- 

ridians which pass through one of the great oceans—the Atlantic, for example— 

the decrement of temperature from the equator to the pole follows pretty nearly the 

formula of Str D. Brewster or the simple cosine of the latitude; but when the 

continents are included, it is more accurately expressed by the formula of MavrEr 

or the (cosine)’. These empirical relations are graphically expressed in Plate IIL., 

fig. 2, where the relation is shown between the curve of the simple cosine and 

that of (cos)’ lat. The lower the power of the cosine used (including proper frac- 

tional powers), the more convex is the curve to the axis, or the farther does the 

tropical temperature advance towards the higher latitudes: the higher powers of 

the cosine exhibit a more and more rapid decline towards the middle latitudes, 

while there is a point of contrary flexure, indicating the less rapid rate of diminu- 

tion as we approach the pole.* The character of these two mathematical laws is 

well illustrated by the curve of temperature along the meridians of 0° (or that of 

Greenwich) and 120°E., in the curves of Plate II1., fig. 3, the former representing 

a maritime the other a continental meridian.} The former of these (or the Atlantic 

climate) has the character of the curve which depends on the simple cosine of the 

latitude, the latter (the Asiatic meridian) of some higher power of the cosine. It 

is therefore likely that on an aqueous sphere the temperature will be a maximum 

sensibly at the equator, and will decline on either side according to a regular law 

depending on some power of the cosine of the latitude, and it is moreover pro- 

bable that this power will not differ greatly from unity. Let us, however, consider 

* It is to be well observed, however, that in these mathematical curves the commencement and 
ends of the two curves are wade to coincide. They are merely drawn for the purpose of showing the 
gradation, according to one law or the other, from a given temperature to another given tem- 
perature. A curve intermediate between the two showing the variation of the fractional power 

(cos)?, the upper portion of which is nearly straight, is added for a purpose which will be immedi- 
ately explained (38). 

} The curves are drawn so as to show the general curvature, without following the minor and 
sometimes doubtful inflections. In particular, the tropical part of the water meridian may be con- 
sidered to belong toa longitude a little west of Greenwich, so as to avoid the influence of the African 
continent. 
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the power as being in the meantime unknown. The expression for the temperature 

of the aqueous globe in a latitude \ may be thus expressed :— 

T,—=A+B cos” 2 

where A,B and m are constants to be found. Of course the equatoreal tempera- 

ture of the water globe will be A+B, and the polar temperature will be A. 

29. Fourthly, We will next, as an approximation merely, consider the effect of 

land in modifying the temperature of a given parallel to be proportional directly 

to the proportion of land on or near that parallel.* 

30. Fifthly, The general influence of land on climate is tolerably well known, 

and may be verified by the study of different climates. In every parallel of latitude 

the effect of masses of land or continents is to exaggerate the variation of tem- 

perature due to the seasons. The temperature of the ocean is more nearly uniform 

than that of continents. But besides this, as a general rule, the presence of 

continents affects the mean annual temperature, exaggerating the character of the 

climate, whether it be above or below the mean of the globe or hemisphere. It 

follows from this, that below a certain latitude the term in the expression for the 

mean temperature depending on the amount of land is additive; beyond that 

latitude it becomes subtractive; and in one particular parallel it is = 0, or the 

mean temperature is independent of the distribution of land and water. Thus 

the accumulation of land in intertropical Africa produces a temperature in excess 

of the mean of the parallel, while in Siberia the effect of the great concentration 

of land is precisely the reverse ; the temperature there is below the mean of the 

* If it were practicable to go into such details, it is probable that the influence of continents 
might be more accurately expressed by a different law from one depending on their simple breadth. 
A narrow land with ocean on both sides will have a slighter peculiarity of climate than if it were 
attached to a wide continent, and 
partook of a thoroughly continental 2 C 
character. In like manner, if ninety- 
nine hundredths of the circumference 
of the globe in any parallel were land, 
the small residue of ocean would 
affect the continental character of the 
climate even less than in proportion 
to its small extent. Let the circum- 
ference of the globe in any parallel ~~ 3 
be denoted by the le AB (=1); 
the fraction representing the land on the parallel by the abscissa AM (=L); let, also, BC express 

the extreme value of the term which expresses the effect of land on the temperature of the parallel ; 

then, for any value of L less than unity, the magnitude of the temperature-correction due to land 

would not be MN but Mn, which increases slowly when L is very small or very great, and most 

rapidly when L=}. Such a co-efficient might be adequately represented by such a function of L as 

a4 l—cos7L } 
2 

But such a mode of calculation would be perhaps a needless refinement, as we should have to take 

into account not only the sum of the land in the parallel, but also its continuity, or the contrary. 

VOL. XXII., PART I. ne 



84 PROFESSOR FORBES’ INQUIRIES 

parallel. In an intermediate latitude, which seems to be about that of the Medi- 
terranean Sea, these opposite influences are neutralized. These effects may be 

traced both on the common map of isothermal lines, and in M. Dove’s maps of 

the “Thermic Anomaly.” In the former, the curvature of the isothermal lines is, 

in tropical countries, usually concave towards the equator over the continents,— 

that of Africa, for example,—but it is convex towards the equator, or the iso- 

thermals bend to the south in passing over the continental portions of higher 

latitudes, as in Siberia. In the maps of the ‘“ Thermic Anomaly,” the effect of 

land is still more apparent, being denoted by ovals of relative heat in the con- 

tinents of the warmer latitudes, while ovals of relative cold occupy the vast 

northerly areas of Asia and America. 

31. Sixthly, From an inspection of the above-mentioned charts, it is pretty 

evident that about the 40th or 45th degree of north latitude is, on an average, that 

where the distribution of land and water is a matter of indifference as regards 

temperature. We have seen in the last paragraph that the climatic influence of 

land increases in both directions from the neutral parallel, as the climate assumes 

more of the tropical or arctic character. As a first approximation, we will 

assume that the term depending on the land is effected by the co-efficient cos 2X, 
which makes it zero at 45° of latitude, and gives it a positive value below that 

latitude and a negative value above. Of course, any odd power of cos 2A 

would answer to the same conditions. Hence the Land term of the formula will, 

in terms of this and two preceding paragraphs, be thus expressed :— 

C. L. cos 2a 

where C is a constant expressing the excess of equatoreal temperature on a sphere 

all land above that of one all water; and L is the fraction of land compared to 

the circumference of the parallel. It will also be more in accordance with physical 

principles if we take for L its average value over a certain space north and south 

of the parallel under consideration. 

32. Collecting the terms of the formula, we have 

T,=A+B cos "0+C. L. cos 2a 

which contains four unknown quantities, A, B,C and m. My next procedure was to 

obtain these constants by elimination between four equations furnished by Dovr’s 

temperature of the parallels (19). These being projected in a diagram, and 

an interpolating curve drawnamongst them, the ordinates of that curve* were 

taken for the latitudes 0°, 30°, 50°, 70° north, as expressing best the course of 

climate observed in one hemisphere. The equations were (on Fahrenheit’s scale) 

* It may be satisfactory to add, that the results obtained by using M. Dovz’s numbers without 
any modification lead to an almost identical result when the same latitudes are employed. 
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80° =A+B+:217C 

69°-5=A+B cos” 30°+:395 C cos 60° 

42°°7=A+B cos” 50°+°53 C cos 100° 

15°°7=A+B cos” 70°+°395 C cos 140° 

where it is to be remarked that the numerical co-efficient of the last term is not 

the fraction expressing the land on the precise parallel, but the mean of three values 

of the land (graduated by an interpolating curve) extending over a space +10° on 

either side of the given parallel. This seems to give a truer expression of the 

climate of the parallel.* I call this factor L’. 

33. These equations being solved (m being found by approximation) we have 

very nearly— 

T, =12°5 + 59°-2 cos ¢ 4+ 38°1 L’ cos 2a 

From this we readily deduce what the equatoreal and polar temperatures would 

be, 1st, of a globe covered entirely with water ; 2d, of a globe entirely of land— 

All Water. All Land. 

Equatoreal Temperature (A=0°) . 71°°7 Fahr. 109°8 Fahr. 

At Latitude 45° 5LoOe SLO» 5. 

Polar Temperature G90"). 12h, —25°6 ,, 

§ IV. Confirmation of the Hypothesis and Formula. 

34. The preceding calculations are founded upon the configuration and climate 

of the NortHERN HemispHere alone. I think it important to add, that they were 

actually made without any anticipation of how they might apply to cases not con- 

templated in the construction of the formula. The following table shows the 

* Thus treated, the numbers of Table II., par. 22, give the following results :— 

L L’/ 
Latitude. Proportion of Land Mean of 3 values L’ cos 2a 

by Equalizing Curve. from ~—10° to ~a4+10° 

Woo oNt 29 302 — 260 
Oe “48 395 — 303 
65 ,, s6c ‘46 — 295 
60 ,, 58 “52 — 260 
50; 55 D3 —‘092 
40 ,, “47 “473 +:082 
30 ,, “40 395 +:197 
20 ,, 32 318 +°244 
LOR: 24 252 +:237 
Oo “21 217 +:217 

—10 8. 22 21 +:197 
—20 ,, 22 ‘ 205 +°157 
—30 ,, 18 16 +:080 
—40 ,, 07 085 +015 
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results of a comparison of the approximate formula (33) with M. Dove’s tables 

for other northern latitudes than those used in constructing it; and also for the 

southern hemisphere, so far as trustworthy observations extend. Latitudes be- 

yond 75° north cannot be made use of in consequence of our ignorance of the 

distribution of land and water in those regions. 

Tasxe III. 

Values from Formula. 

Latitude. Temp. Observation. Theory. Difference. 

Ail Land. All Water. 

75° North —9°6 23°°4 

70 

65 

—1°6 28 -0 

60 37 ° 

50 46° 

40 54 

61- 

67 

70 

71 

70 

67 

61 

4 

‘6 

8 

7) 

‘5 

8 

‘O 

“9 

y 

‘0 

Cte sap at eo OG) dak. of ..G, ke Jol So SG-eyOo © & Fk oo a ko wor pS ate a 8 ao S mh oC OA) ean & -w- Ow o. ik 54 

35. I will not now direct attention to the numbers for the northern hemisphere, 

which may not be thought to coincide better than (or, perhaps, even as well as) 

might have been anticipated from the range of latitudes used in deducing the for- 

mula. But the general close coincidence of the observed with the calculated tem- 

peratures in the southern hemisphere offers a confirmation of a very different kind. 

36. The lower temperature of the southern hemisphere up to lat. 40°, compared to 

the northern, has often and justly been attributed tothe diminishing amount of land, 

as the higher temperature of a parallel some degrees north of the equator, than 

that of the equator itself, is due to the increasing amount of continental surface, 

especially in Africa. Our formula gives a precise expression to these generalities. 

And the fidelity of the formula (at least for the lower latitudes) is proved by the 
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accuracy with which it applies to more than one-half of the surface of the southern 

hemisphere. Indeed, the distinction between an Empirical and a Rational for- 

mula,—one founded on the mere law of continuity, and one on a rational basis,— 

is well illustrated by applying to this case the purely mathematical law (18), 

which for the northern hemisphere alone represents the observations there even 

better than our physical theory as yet does, but which yet egregiously fails when 

extended to southern latitudes, as the following table shows :— 

Tasie LV. 

iat Soci. Temperature by Difference from Difference according to 
Empirical Law of par. 18. Dove’s Table. Rational formula. 

74°°3 — 8°7 +0°1 

64°7 — 9-4 —0°8 

52 +2 —14°7 —2°:0 

38 *3 —16°3 +0°9 

37. With this strong testimony to the reasonableness of our fundamental as- 

sumptions as to the influence of land, we may, by using the observed temperatures 

of corresponding parallels in the two hemispheres, obtain an expression for the in- 

fluence of land in each of those parallels, disengaged from any assumptions as to 

the effect of latitude in modifying the gradation of temperature on a globe whether 
composed of land or of water, such as we made in paragraphs (26) and (28) of 
§ 3. This is to be accomplished in the following way :— 

38. By our fundamental assumptions of § 3. we attribute to the land and the 
water of any parallel an influence on the temperature in proportion to their respec- 
tive extent on that parallel. Thus, for the parallel whose latitude is A, let L, denote 

the fraction of the circumference composed of land, W, the remainder which is 
covered by ocean; by J, and w, the temperatures to be found for that parallel on 
a globe all land and a globe all water respectively ; and by T, the observed tem- 
perature on the given parallel, we have, by hypothesis, 

T,=W, .w,+L,.1 ar? 

and as the temperatures will be the same in the same north and south latitudes on 
a homogeneous sphere of either kind, we may eliminate the unknown quantities 7, 
and /, between two equations of the above form, furnished by the observed values 
of T, on the corresponding parallels of the two hemispheres. Using the tempera- 
tures of the parallels slightly modified from those of M. Dove in Table L, by draw- 
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ing an “ equalizing curve” amongst them (as in Plate II.), we obtain the follow- 

ing equations of condition :—* 

Northern Hemisphere. Southern Hemisphere. 

80:0= ‘748 x Wy) + °252 x Lia 12:2=.790 x Wiyt -210'x Lo 

773 =682 x w,, +°318 x l,, 73:8 = "795 x wy, +°205 x I, 
69:5=-605 x We, + *395 x ten 66°7='840 x Wy ‘160 x Ls9 

56°7 = "527 x w,, + °473 x Lo 55:1=:915 x w,, +085 x L,, 

39. By elimination we obtain the following results for edther hemisphere :— 

Taste V. 

Temperature all Water Temperature all Land 
wp, i Excess due to Land. Latitude. 

+10° 69°°6 110°-7 41°] 

20 67 °4 98 6 al <2 

30 64 °8 76 °7 11 °9 

40 54 °8 4+] 

Curves of Land and Water Temperature deduced from a comparison of the Two Hemispheres. 

40 

to 30 

WN 
= 
: 20 

+10 

Eq. 0) 

S —1O 

—20 
12) 
>= 
3S —3O 

—40 

0 30 100 120 Kahr. 
Pi ee eee 

Scale of Temperature. 

40. The numbers in this table being projected (as in the figure) for each hemi- 

sphere, we obtain two well-defined curves representing the temperatures of a land 

* T employ the “equalized” mean values of Land and Water on three adjacent parallels, as in 
the footnote to par. 32, where these numbers (for the proportion of Land) are designated as L’. But 
it is worthy of notice that the simple numbers given in Tables I. and I1., both for temperature and 
amount of land, would lead to nearly the same results, 
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and water sphere up to latitude 40°. The temperature of the equator is obtained by 

completing the part of the two curves near the vertex. We thus obtain 

Latitude. All Water. All Land. Diff. 

0° a Ses) 115°:3 43°°5 

These numbers, it will be observed, approximate closely to those obtained by a 

very different process for the temperature of the equator in par. 33, especially as 

regards a sphere of water. 

41. The value of the constant C of par. 31, which defines the maximum effect 

of the presence of land on the temperature of any part of the globe, is by this 

latter determination somewhat larger than by our formula of (33). Its value just 

found is 43°°5, while by the approximate formula it is 38°:1—a difference which, in 

a research of this kind, must be regarded as not very material. The greater value 

seems to be most to be depended on. 

42. Some indirect considerations still farther confirm the result that this quan- 

tity C, the maximum effect of land on the temperature of the equator, can neither 

ereatly exceed nor greatly fall short of 40°. Thus, assuming the formula of 

(33), if we project M. Dovn’s temperatures in a curve in terms of the latitude 

(as in Plate II.), and set off from them the effect due to the presence of land, as 

indicated by the term of the formula C . L’ cos 2 A, we leave a curve of terrestrial 

temperature on a water sphere. Now, if we give to C a value much gveater than . 

40°, it will be found that this residual curve becomes sinuous and irregular, 

having three points of contrary flexure instead of one or none at all. This 

complication is little probable under circumstances of remarkable physical sim- 

plicity. Again, if the influence of land were much /ess than that indicated by the 

value of C=40", this would be inconsistent with the existing ‘“'Thermic Anomaly” 

in the higher latitudes (as, for instance, in Siberia), where we can hardly suppose a 

greater cold to reign under existing circumstances than would be the case were 

the earth entirely composed of land. 

43. But one of the most striking confirmations which the argument of (38) affords 

of the accuracy of our first assumptions in § 3, is with respect to the latitude 

at which the “ Thermic Anomaly” vanishes altogether, or the distribution of land 

and water ceases to affect the mean temperature of the parallel. We had already 

(30) deduced from the inspection of the curves on M. Dove’s maps of the 

northern hemisphere, and from them alone, that this critical latitude is between 

40° and 45°. The intersection of the curves of land and water temperature in 

the figure on the last page, deduced almost solely from intertropical tempera- 

tures in both hemispheres, point closely to the parallel of 425°, as that where 

the two curves intersect, or where the third term of our formula (par. 33) ought 

to change its sign.* Hence the predominance of water in the southern over the 

* Jt will be recollected that the change of sign was made to coincide with 45°, merely for the 

purpose of simplifying the formula. (See par. 31.) 
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northern hemisphere, as it certainly renders the climate colder up to latitude 

423°, ought beyond that parallel to have a contrary effect, such as the rapidly 

diminishing numbers in the last column of Table V. also indicate.* 

Conclusions. 

44. Although it might be possible to alter the table of comparisons between 

theory and observation (Table III., par. 34), by a slight modification of the for- 

mula of (33), so as to appear more favourable to our hypothesis, I will not here 

attempt to do so. I shall be satisfied if I have indicated a method of taking 

account of the physical features of the globe in relation to climate, in such a 

manner as more accurate and extended data will enable future writers to render 

still more exact. 

45. Indeed, the trials which I have made to modify the form, or the constants 

in the formula of temperature, have satisfied me that it cannot at present be mate- 

rially improved ; since what is gained in accuracy in some one point of view is 

lost in another. 

46. The anomalies still indicated in the fourth column of Table II. must 

therefore for the present remain. Only, it may be remarked, that some of them 

may disappear by a more correct estimate of the mean temperature of the paral- 

lels. In particular, I cannot but think that the temperature corresponding to 60° 

N. latitude will be found to be too high. It is quite impossible to express, by 

any ordinary continuous law, the gradation given in M. Dove's table for the 

neighbourhood of the 60th parallel, taken in connection with higher and lower 

latitudes. Nor is there any peculiarity in the distribution of land and water which 

seems likely to account for this, unless it be the sudden closure of the Pacific 

Ocean a little beyond that latitude, where the Asiatic and-American continents so 

nearly touch. The apparent anomaly may indeed be entirely owing to a defi- 

ciency in our information as to the temperature of the atmosphere over the 

oceanic portions of the globe, which in those latitudes is peculiarly liable to be 

affected by powerful currents of hot and cold water, as has been already stated. 

47. To the presence of these currents must also be ascribed the fact, that 

the “ Thermic Anomaly” does not anywhere vanish (as it is assumed to do some- 

where near the 45th degree), and that, consequently, about the parallels of 40° 

and 50°, we find in a few places of the globe mean temperatures higher or lower 

than those indicated in the two last columns of Table III., as corresponding to the 

extreme statical conditions of an entire predominance of land or water. In 

higher or lower latitudes the ‘‘Thermic Anomaly” will be found to be between 

the limits indicated by those two columns, the oceanic limit being, however, 

* “Up to 40° south latitude the temperature of the southern hemisphere is lower than that of the 
northern ; this may not be the case in higher latitudes.” Dovs,— The Distribution of Heat, &c., p. 15. 
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always the predominating one, as, from the mobility of its parts, might be anti- 

cipated. 

48. I shall not, I hope, be thought to push the application of the formula too 

far, if I suggest an explanation of the excess of 2°°8 Fahr., which it gives for the 

parallel of 75° as in Table III. I might urge that our knowledge of the isother- 

mal lines in that extreme latitude is so limited, as to leave a wide margin of 

uncertainty in the determination of the mean temperature. This is no doubt 

quite true. But I attribute to another and a manifest physical cause this ap- 

parent anomaly. The amount of the third term of our Formula (par. 33), de- 

pends on the measure of the land, and it is of course here subtractive. But in 

the 75th parallel, though I have estimated the amount of land on the parallel at 

only 28°6 per cent. of the entire circumference (see Table II., and Plate III. 

fig. 1), or a diminution of no less than 20 per cent. from lat. 70°, we know how 

far this is from representing truthfully or practically the physical condition of 

those Arctic wastes. For all the year, except a very few weeks, it is not too 

much to say, that three-fourths of the ocean of lat. 75° is encased in solid ice, 

having the same physical characters superficially (and therefore affecting the 

climate) in the same manner as the adjacent snow-clad land. We must there- 

fore practically regard the land as forming far more than its due share of the 

earth’s surface in those regions, since the water has lost its convective and 

equalizing qualities in relation to temperature. Now, we shall find that if we 

increase the coefficient of the third or land term of the formula from 0°29 to 0°38 

(which seems a very moderate expression of the conditions referred to), the 

excess of calculation in Table ILI. for lat. 75° wholly disappears.* I believe, 

indeed, that it ought to be still farther corrected in the same direction, which 

would justify us in giving to the pole of a water sphere a temperature slightly 

higher than + 12.°5, and thus diminishing the negative errors of the formula 

for lat. 60°—65°, while in lat. 70° the balance would be restored by the sensible 

effect of the frozen sea. With these suggestions, however, I leave my formula as 

it at present stands to await farther researches. 

* Among other tests to which I have put my hypothesis, I have calculated what ought to be 
the magnitude of the coefficient L’ in the third term of the formula, so that it might in each 
parallel represent the numbers of Dove (Table I.), supposing the other constants of the formula to 
be exact. 

PITLOCHRY, September 1858. 
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Postscript. 

[have great pleasure in here acknowledging the active assistance which I have 

derived from Mr BaLrour STEWART’S great aptitude for calculation in the numer- 

ous and irksome eliminations which my inquiries rendered necessary, and of 

which only a portion are recorded in this paper. 

As an appendix to this memoir [ add an Index, which I have constructed with 

no small personal labour, and with every attention to accuracy, of the numerous 

stations from whence M. Dove has collected the monthly means of thermometri- 

cal observations, often for a long series of years. These are contained in his well- 

known “ Five Memoirs on Terrestrial Temperature” in the Berlin Transactions. 



INDEX TO M. DOVE’S FIVE MEMOIRS. 

Index to Places mentioned in M. Doves Five Memoirs “ On the Non-Periodic 

Variations of Temperature on the Earil’s Surface.” 

The Roman Numerals refer to the Number of the Memoir, the Arabic Numerals to the pages of 

the “ Berlin Transactions” where the Temperatures are to be found. 

N.B.—The Fifth Memoir was published apart under the title of “ Witterungs-geschichte des 

letzten Jahrzehnts, 1840-50.” 

ABBREVIATIONS. 

N. A. stands for North America. 
Afr. ml i jp pj @aulicii¢ax Austr. 
Het. ,, 4, Bast Indies. W aul. 

S. A. stands for South America. 
Australia. 
West Indies. 

” ” 

” oP) 

The mark * is prefixed to some of the Stations remarkable for the continwity of the Observations. 

TABLE OF REFERENCE-LISTS OF STATIONS IN M. DOVE’S FIVE MEMOIRS. 

i. 8. Miscellaneous. v. 7. [Synonymes of American Stations. ] 

~ 7 N. America. - eo ty. America. 

li. 808. Do. Arctic. v. 58,55. Arctic N. America. 
ii. 361. Bohemia. v. 06,57. W. Indies, 5. America. 
ui. 3862. Wirtemburg. v. 59. Russia. 
ii. 372. Great Britain. v. 79. Germany, &c. 
u. 381. Germany. v. 96. Prussia, Germany. 
iii. 7. Miscellaneous (Kurope). v. 130. France. 
iii. 97. Miscellaneous, Hurope and America. v. 137. Belgium. 
iv. 27, Hurope. v. 138. Switzerland. 
iv. 104. EH. Indies, China. v. 142. Italy. 
iv. 116. 8. America, Africa. v. 159. Britain. 
iv. 122. Australia. v. 160, co Ee 
iv. 130. N. America. 163. 
iv. 185. Britain. v. 167-8. Mediterranean, Africa. 
iv. 146. Germany, France. v. 170. Polynesia. 
iv. 152. Russia, Norway, &c. v. 240. Miscellaneous. 
iv. 156. Mediterranean, &c. © v. 245. Russia. 

INDEX. 
Aachen, v. 99. 
Abbey St Bathans, i. 374. 
Aberdeen, ii. 374. 
Abo, iv. 8. 
Ackworth, iii. 9. 
Adelaide (Austr.), iv. 120. 
Aden, v. 164. 
Agra (H. I.), v. 160. 
Aitath (As. Min. ?) iv. 157. 
Aix-la-Chapelle, v. 99. 
Ajansk, v. 62. 
Akayab (E. I.), v. 160. 

Albany (Austr.), iv. 120. 
Albion (N. A.), v. 43. 
Albion Mines (N. A.), v. 54. 
Alderley Rectory, ii. 378. 
Aleppo, v. 168. 
Alexandria, v. 169. 
Alexandropol, v. 62. 
Alford, ii. 374, iii. 83. 
Algier (Afr.), iv. 155. 
Allahabad (H. I.), v. 160. 
Alleghany (N. A.), v. 38. 
Alleghany Ars. (N. A.), v. 12. 

Almora (H. I.), v. 160. 
Alor Gajah (EH. I.), iv. 96. 
Alost, ii. 85. 
Altenberg, 11. 383. 
Altona, i. 383. 
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VIlI.—Memoir on the Spermogones and Pycnides of Filamentous, Fruticulose, and 

Foliaceous Lichens. By W. Lauper Linpsay, M.D., F.L.S. Communicated 

by Professor BaLrour. 

(Read 7th March 1859.) 

Preface. 

The following Memoir contains the results of researches made during the last 

three years. My investigations were originally directed to British lichens only, 

but they have subsequently and gradually embraced lichens from all parts of the 

world. The majority of Scotch species examined were collected by myself while 

on botanical tours in various parts of Scotland during the last ten years. Low- 

land species were collected chiefly in the counties of Perth, Edinburgh, and Dum- 

fries; but also in Forfar, Fife, and others of the midland counties. In order to study 

alpine species I made a special tour among the highest of our Scotch mountains in 

the summer of 1856. I then visited the Braemar Highlands, Ben Lawers, Ben 

Nevis, and the Coollin Hills, in Skye. Ihave likewise studied the lichens of Don, 

now in the possession of Mr M‘Naz, of the Royal Botanic Garden, Edinburgh ; the 

lichens collected by Maucuan, M‘Mizan, and others, in the Herbarium of the Bo- 

tanical Society of Edinburgh ; those collected by the late ALEXANDER MENZzIgs, in 

the Menziesian Herbarium belonging to the Botanic Garden of Edinburgh; those 

collected by Borrer, Hooxer, CARMICHAEL, GARDINER, and others, in the magni- 

ficent Hookerian Herbarium at Kew ; and I have also examined the valuable her- 

barium of the University of Edinburgh, under the care of Professor BaLrour, and 

the herbarium of Dr Grevitte. The examination of specimens in the herbaria of 

Hooker, Menzizs, and Don, has been especially valuable, in so far as they contain 

species authenticated by the earlier British lichenologists,—lichenologists to whom 

I am proud to have an opportunity of expressing my deep obligations. Iam fur- 

ther indebted for interesting specimens of Scottish lichens—now in my own her- 

barium—-to Mr James Harpy, of Penmanshiel, in Berwickshire,—to Mr ALEx- 

ANDER CROALL, of Montrose, and to Professor GEorGE Lawson, of Kingston, Canada 

West. The two latter gentlemen supplied me with many alpine species, chiefly 

from Clova and the Forfarshire hills. For English species I am indebted to the 

kindness of the Rev. W. A. Lerauton, of Shrewsbury, who has repeatedly sent me 

lichens from Shropshire, and Wales, more especially; to Mr Wiuram Moupo, of 

Cleveland, Yorkshire; to Dr Carrineron, of Yeadon, near Leeds; and to Dr 

Deieuton, of Clapham, near Lancaster, all of Whom have frequently sent in- 
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teresting Yorkshire lichens; and to Dr Barctay Montcomery, of Penzance, 

Cornwall, for specimens from the extreme south of England. I have also care- 

fully examined all the specimens (260 in number) contained in the first eight 

fasciculi of the Rev. W. A. Leicuton’s Lichenes Britannici exsiccati. In addi- 

tion to which, the Hookerian Herbarium—in studying whose valuable con- 

tents I spent a month during last summer—contains a large series of English 

specimens, collected by Borrer, TuRNER, LeatTHes, Hooker, and others. In 

regard to Jrish species I have had an opportunity of examining the greater part 

of the lichens described by TayLor in Mackxay’s Flora Hibernica, as they are con- 

tained in the Herbaria of Dr Mackay of Dublin, Mr Davip Moors of Glasnevin, 

Dublin, and Mr Isaac Carrout of Cork. For a loan of the herbarium of lichens 

first named (TayLor’s) I am indebted to the kindness of Professor HARVEY of 

Dublin, who also procured for me a loan of the collection of lichens made by Mr 

Davip Moore, while attached to the Geological Survey of Ireland. They are 

chiefly from Antrim and other northern counties of Ireland, and now belong to 

the Museum of Irish Industry, Dublin. Mr Carro.z of Cork has repeatedly sent 

me large collections of lichens made by himself in the south of Ireland ; and Pro- 

fessor Dickir of Belfast has sent me specimens from the north of Ireland. All 

the Irish collections sent to me have been most interesting, as containing both 

new forms and new species not hitherto described, or erroneously described and 

classified. 

Inregard to foreign specimens, my obligations are chiefly due to the Hookerian 

Herbarium at Kew, which in some respects contains the finest collection of 

lichens in the world; while in other respects it is second only to that of the 

Jardin des Plantes, Paris. In that herbarium I availed myself of the opportunity 

of examining specimens from all parts of the world—from the arctic regions, 

collected by Ross, Brecuer, Parry, Lyatu; from the antarctic regions, collected 

by Dr Hooxer ; from the arctic parts of North America, collected by RicHaRpson, 

Scounar, and Menzirs; from the United States, by Tuckerman, Lea, and others ; 

from Mexico, by LinpEN and Gateort1; from Peru, by HumBoupr; from Brazil, 

by GARDNER; from India, by Drs Hooker and Tuomas Tuomson, and Messrs 

StrRAcHEY and WINTERBoTTOM ; from China, by Fortune; from the Philippine 

Islands, by Cumine ; from Java, by Micue.; from Australia and Tasmania, by 

Dr Hooker, Gunn, and others; from New Zealand, by CoLenso; from every 

part of the world, indeed, to which botanical travellers have penetrated. In the 

summer of 1857 I went to Norway, for the purpose of studying 7m sztw alpine 

lichens, spending several weeks amid the wilds of Sneehitten and the other alps 

of the Dovrefjeld range of mountains. I have carefully studied all the specimens 

(650 in number) contained in the twenty-six fasciculi of ScumreEr’s Lichenes 

Helvetict exsiccati, and also 478 specimens in the first eight fasciculi of Hepp’s 

Die Flechten Europas, which is a continuation of Sco#ReEr’s work just men- 
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tioned. French species I have studied in NyLanper’s Herbarium Lichenum 

Parisiensium (Fasc. 1-3, 150 specimens. Paris, 1855). I have also to thank 

Dr Hooker for a valuable suite of his antarctic gatherings during the survey- 

ing voyage of the “Erebus and Terror,” embracing specimens from the Falk- 

land Islands, Auckland Islands, Cape Horn, and New Zealand; Dr A. O. Broprr 

for specimens from North America, and Mr Deieuton for speciniens from Cali- 

fornia. Most of the lichens above enumerated included separate fragments or 

duplicates ; so that in all I must have submitted to careful microscopical examin- 

ation—as the basis of the following memoir—many thousand specimens, from 

every variety of clime, country,-and habitat, and in every conceivable state or 

form. The number of species or specimens cannot be estimated by the number 

enumerated in the body of the Memoir ; the latter only shows the specimens in 

which spermogones were distinctly found by me, and furnishes no indication of 

the far larger number examined with equal care, and at the expense of similar 

time and labour, in which negative results were obtained. 

Hitherto, so far as I am aware, no researches have been made, or at least 

published, in this country with a view to expound the minute anatomy and 

physiology of the spermogones of lichens, if we except a couple of papers pub- 

lished by myself in the Quarterly Journal of Microscopical Science.* Nor do I 

know of any monograph in any language or in any country devoted to this sub- 

ject. Much has certainly been done by Tunasne,+ in his elaborate and valuable 

**Memoir on the Natural History of the Lichens,’—a memoir to which I owe many 

and deep obligations. To him I conceive we are indebted for having placed 

spermogonology on a scientific basis, and by so doing for having raised the lichens, 

in regard to their anatomy and physiology, at least to equal rank with other 

cryptogamic families. To a German,{ moreover (Irzicsoun), is due the credit 

of the discovery of the existence of spermogones in lichens, or at least of an ap- 

proximation to the first scientific appreciation of their character and functions. 

Though my own researches were commenced several years ago, I have not hitherto 

ventured to lay them before the public for a variety of reasons. One of the chief 

of these was my anxiety to correct or confirm my earlier investigations by more 

extended observation, especially among foreign specimens of British species ; and 

this I have not had a satisfactory opportunity of doing until last summer at Kew. 

I lay them now before the Royal Society of Edinburgh, not as claiming to consti- 

* 1. Monograph of the Genus Abrothallus. (De Not. and Tul, emend.) Read before 
Section D. of the meeting of the British Association at Cheltenham in August 1856.—Quarterly 
Journal of Microscopical Science. January 1857. 

2. On the Structure of Lecidea lugubris, Sommfr. Ibid. July 1857. 
{ Mémoire pour servir 4 Histoire Organographique et Physiologique des Lichens. Par M. L. 

R. Tulasne, aide-Naturaliste au Museum d’ Histoire Naturelle, &c.— Annales des Sciences Naturelles, 
3d serie. Botanique, vol. xvii., 1852. 

{ Dr Hermann Irzicsoun, whose researches may be found in the Botanische Zeitung for 
1850-51, et seq. 
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tute a perfect monograph, but simply and humbly as a contribution to a subject 

hitherto unelucidated in this country. I believe, however, this memoir will be 

found to contain first descriptions of no inconsiderable number of the spermogones 

and pycnides of lichens, both British and foreign, as well as many additional in- 

stances of lichens possessing two or three forms of reproductive bodies; or, in 

other words, pycnides as well as spermogones and apothecia. Some of the sper- 

mogones and pycnides, which I believed I had discovered and described for . 

the first time, have subsequently been alluded to in the recent publications of 

Dr Nyztanper of Paris,*—publications which are certainly the most valuable 

contributions made of late years to lichenology,—that most difficult of all 

departments of cryptogamic botany. But these organs are seldom fully described 

by Nytanper, and hence I have every reason to believe that, in these cases 

also, the first full expositions of their structure will be found in the following 

Memoir. 

Spermogonological investigations are surrounded by many and serious diffi- 

culties; and it is perhaps but justice to those botanists who have hitherto avoided 

the study of the reproductive organs of lichens here to state what some of these 

difficulties or obstacles are. Prior to the introduction of the microscope bodies 

so minute as spermogones and spermatia could not possibly have been properly 

studied. But even at the present day, when microscopes abound, it is to be 

feared that few of our best lichenologists are well versed in histology and the use 

of the microscope. It can scarcely be denied, further, that many botanists have 

been too much mere classificators or name-givers: they have devoted attention 

too exclusively to the discrimination of species and varieties, to the neglect of 

minute anatomy and physiology, as studied by the aid of microscopy and che- 

mistry. Continental botanists are infinitely before us in the latter respect: we can 

show little or nothing in botanical microscopy comparable with the productions 

of the French school of observers, as published in the “ Annales des Sciences 

Naturelles,’ or to those of the German school, as given in the “Botanische 

Zeitung.’ But the possession of a good microscope, facility in microscopical 

manipulation, and a familiarity with the general principles or facts of physio- 

logical botany, are not the only requisites or qualifications for investigations in 

spermogonology. The observer must be possessed of unwearied patience and 

perseverance : he must expect to meet, and he must bring to his task a determi- 

nation to surmount and conquer, endless difficulties and disappointments. I have 

now examined carefully, under the microscope, as I have already stated, many 

* 1, Synopsis Methodica Lichenum omnium hucusque cognitorum. Paris, 1858. 
2,. Enumeration Générale des Lichens, avec J’indication sommaire de leur Distribution Géo- 

graphique. Cherbourg, 1858. 
8. Monographia Calicieorum. 1857. 
4, Prodromus Lichenographie Galliz et Algerie. Bourdeaux, 1857. 
5. Essai @’une Nouvelle Classification des Lichens. Cherbourg, 1854. 
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thousand specimens of lichens from every part of the known world, and in a large 

proportion of cases, with negative or unsatisfactory results. I have frequently 

examined most anxiously several hundred specimens of a particular genus or 

species,—for instance, Peltigera and Siphula,—without once having the good 

fortune to meet with its spermogones or pycnides. But, on the other hand, in 

the midst of disappointments of this nature, | have been rewarded occasionally 

by the discovery of spermogones or pycnides hitherto unobserved and undescribed. 

It were desirable, further, that the observer should possess an almost unlimited 

leisure. The time consumed in manipulations so delicate,—researches so intricate, 

—is incredibly great. Korrper candidly speaks of leaving such investigations to 

those “die bei grosserer Musse solche subtile Studien verfolgen konnen.”* It 

frequently happens that even a small portion of tree-bark or rock contains several 

lichens belonging to the families of the Graphidec, Verrucarie, and Lecidec. 

Intermixed with the apothecia of these lichens, and with each other, may be a 

variety of spermogones and pycnides. The spermogones and pycnides may 

closely resemble each other in external character, or they may differ consider- 

ably. In either case it is often most difficult, if not impossible, at the present 

stage of our knowledge on the subject, to determine to what species of lichen 

each kind of spermogone or pycnide is to be referred. This is more especially 

the case when the organs in question are very minute, black, and cone-like, as in 

the old genus, erroneously so constituted,—Pyrenothea, which is now found to 

consist almost entirely of the spermogones of other lichens. Such spermogones 

and pycnides are frequently indistinguishable from certain Verrucarie, parasitic 

fungi, and even parasitic lichens; and the only means of deciding as to their real 

nature is by microscopical examination. Again, the spermogones of some lichens, 

as Ricasolia herbacea and R. glomulifera, and the pycnides of others, as Peltigera, 

so closely resemble in external appearance the nascent apothecia of the same 

species as to be indistinguishable therefrom without the aid of the microscope. 

Asa general rule, the parasitic Spheric, with which the spermogones and pycnides 

of lichens are apt to be confounded, are very superficial, removable by the least 

touch from the surface on which they grow—have a black colour, possess an 

envelope or capsule formed of hexagonal or roundish cells in a state of close agere- 

gation, and of a dark brown colour, and contain minute, abundant, brownish, 

simple or 1-septate spores. Sometimes spermogones and pycnides occur alone, 

unassociated with the apothecia of any species; and it is in such a case, unless 

in rare instances, equally impossible to say to what lichens they are referable or 

belong. It is therefore possible, nay perhaps probable, that some of the sper- 

mogones and pycnides which I have referred to particular lichens, may be hereafter 

found, when my researches have been repeated and extended, really to belong not 

to these, but to other species. And it may also be discovered to what lichens 

* Systema Lichenum Germaniz, von Dr G. W. Kozrzer. Breslau, 1855, p. 152. 
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rightly to refer those spermogones and pycnides which I did not find associated 

with apothecia. This, however, can only be done by examining a larger number 

of specimens from different habitats and countries than I have been able to collect 

or had leisure to study. I offerthe present results of my studies merely as a preli- 

minary contribution to lichenological literature, and all that I can venture to hope 

is, that they may be found useful as a basis for the investigations of those who 

follow me with ampler means and opportunities of research. It sometimes happens 

that different specimens of the same lichen from different habitats or countries 

appear to possess several sorts of spermogones and pycnides; or, associated with 

a particular species, may be found a considerable variety of these organs. Proba- 

bly, in the majority of cases, such spermogones and pycnides are really referable 

to different lichens, and not to the single species to which they apparently belong. 

But I think there is strong ground for believing that some of the lower lichens are 

possessed of several forms of reproductive bodies and organs, just as certain of 

the lower fungi are; at least I have repeatedly met with phenomena which are 

inexplicable on any other supposition. We now know that the genus Hrysiphe, 

belonging to the fungi, has no less than five forms of reproductive bodies or organs ; 

and I have met with many lichens which possess either simply, both spermogones 

and pycnides, in addition to apothecia, that is, three different forms of reproduc- 

tive organs, or two or more different forms of spermogones or of pycnides as the 

case may be. Hitherto it has been customary to refer all such secondary forms 

of reproductive organs in lichens, when they were observed at all, to parasitic 

fungi. But this arose from ignorance of the fact that lichens possess other repro- 

ductive organs than apothecia. In investigations on the border ground between 

the lichens and the fungi, there are at present almost insurmountable difficulties. 

Many of the organisms which we at present regard as the pycnides of lichens 

may, in the course of subsequent researches, prove to be, or to belong to, fungi; 

while, on the other hand, the corresponding organs of certain fungi, or certain 

fungi themselves, may prove to be really the accessory reproductive organs of 

lichens. The boundary line between the lichens and the fungi is for ever shift- 

ing; and it is perhaps at present impossible to fix or determine it. Mycologists 

and lichenologists alike have given it up as a hopeless task. The old distinc- 

tion as to the habitat,—lichens being supposed to grow always on diving, and 

fungi on dead tissues—is utterly absurd. Until lately, it was thought that che- 

mistry had furnished a means of distinguishing these two important cryptogamic 

families in the presence or absence of starchy matter in the hymenial and other 

tissues, which in lichens, as a general rule, strike a blue colour with iodine, while 

in fungi they do not. But Mr Freperick Currey has pointed out that this reac- 

tion frequently occurs also in undoubted fungi. Between the higher fungi and 

the higher lichens the distinction is obvious enough; but between the lower 

eroups of each family the difference gradually becomes imperceptible, until it is 
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lost. How closely, frequently, do Spherie resemble Verrucaric, and the spermo- 

gones and pycnides of lichens those of the fungi? So intimate is the alliance 

between the fungi and lichens, that BerKELEy,* in his Cryptogamic Botany, makes 

his division “ Mycetales,” to include the “ Lichenales” and ‘‘ Fungales.” Many 

spermogones, it now appears, have been described by the older lichenologists as 

independent species of lichens: Fries’ genus Pyrenothea, and WALLRoTH’s 

Thrombium, are chiefly made up of spermogones which belong to various Lecidee, 

Graphidee, and Verrucarice. Some of these may hereafter be found really to belong 

to the fungi. Several genera or species of fungi have shared a similar fate, as a 

consequence of the progress of microscopical mycology, having been found to con- 

stitute mere secondary or tertiary forms of fruit of more familiar species ; such 

fungi are Sclerotium, Cytispora, Melasmia, Phyllosticta, Polystigma, Phoma, partly, 

and many others, according to TuLasne, who is equally distinguished as a myco- 

logist and lichenologist. It were specially desirable that he who studies the 

spermogones and pycnides of lichens should be a mycologist, as well as a licheno- 

logist ; in no other way can he properly interpret and appreciate what he observes. 

I believe that he only can be a philosophical lichenologist who is comparatively 

well acquainted with the anatomy and affinities of the fungi and algze: while it is 

equally necessary that the mycologist and algologist should possess a competent 

knowledge of the structure and physiology of the lichens. Indeed, it has perhaps 

been from a too exclusive study of particular tribes of plants, and a desire to fill 

their ranks at the expense of their allies or neighbours, that much confusion has 

been introduced into classification and nomenclature, and much ignorance has 

prevailed as to the true position of lichens in the scale of vegetable life. Mono- 

graphers, it is to be feared, work too much in their own favourite fields to arrive 

at or deduce broad, philosophical, or scientific conclusions or general laws ; speci- 

alists are apt to take up one-sided, and hence erroneous views. Nor must the 

student of spermogonology confine himself to the lichens of one country or clime, 

and still less to herbaria of dried specimens. I have sometimes succeeded in 

finding, in foreign specimens of a lichen, spermogones which were absent in all 

the British, or even European, specimens examined by me: for instance, in 

Nephromium tomentosum. Another advantage of the study of foreign species is, 

that it will serve to exhibit the constancy with which spermogones or pycnides of 

a particular character occur in the majority of lichens, as well as the constant 

relation as to site which they bear to the apothecia. 

Frequent disappointments must have been experienced by all who have 

sought for the spermogones of lichens, in so far as they may jail to find them 

oftener than they succeed. This arises, in many cases, undoubtedly from igno- 

rance of the relative periods of development of the spermogones and apothecia. 

* Introduction to Cryptogamic Botany. By the Rev. M. J. Berxerzy, M.A., F.L.S. London, 
1857. 
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The spermogones must be looked for and examined at a particular stage of their 

development; otherwise our results cannot fail to be unsatisfactory. They may 

be too young, and the spermatia are undeveloped ; or too old, and the spermatia 

have all escaped ;—the sterigmata may have become sterile and hypertrophied, 

filling up the cavity of the spermogone; or the body of the organ may have fallen 

out, nothing being left save a large irregular cavity. Observers are probably too 

much in the habit of examining only fruited specimens of lichens—thalli-bearing 

apothecia—in their search for spermogones. But two circumstances must be borne 

in mind,—jirstly, That in development, the spermogones normally precede the 

apothecia; and that, consequently, the former may have disappeared, or have 

become old and degenerate, by the time the latter have arrived at maturity ; 

and secondly, That spermogones are frequently most abundant, or are only found 

on thalli, or portions of thalli, bearing no apothecia. The only safe rule for the 

student, therefore, is to examine specimens 77 every state, however unpromising, 

whether fertile or sterile, old or young; and he should never feel secure in re- 

garding a particular conceptacle as a spermogone or pycnide, unless he see dis- 

tinctly abundance of free spermatia or stylospores. ‘This procedure implies, of 

course, an immense amount of fruitless labour. I have myself acted on this 

principle, and followed out this plan; and I regret that I cannot yet indicate to 

the student any more “ royal road” to a knowledge of the secondary reproduc- 

tive organs of the lichens. He must advance himself slowly and gradually, by 

sheer plodding industry, and perseverance unconquerable: he must labour 

patiently for months, aye years, before he sees even dawnings of the interesting 

and important results, which it may be his good fortune subsequently to achieve. 

Considerable discussion has occurred regarding the spelling and use of the 

words, ‘“‘spermogone” and “ spermatogone.” The former word is that originally intro- 

duced by TuLasneE to designate the conceptacle containing the linear corpuscles, 

which he calls spermatia. The latter is used by the Rev. M. J. Berxexey in his 

‘Introduction to Cryptogamic Botany,” on the ground that it is etymologically 

more correct. I confess to a natural repugnance unnecessarily to render even 

scientific terms pedantic and repulsive; and my desire in this case to retain the 

simpler of the two words in question is supported by the opinion of the present 

Professor of Greek in the University of Edinburgh. In a letter to me (of date 

15th April 1858), Professor Blackie remarks, ‘“‘ There is not the slightest necessity 

for your altering spermogone, which has the advantage of being shorter. The 

analogy of the well-known Greek word oz:guorsyos, which you will find in the New 

Testament (Acts xvii. 18), and other compounds in the commonest dictionaries, 

are quite sufficient to defend the shorter form.” I will therefore, throughout 

this memoir, make use of the word “ spermogone” instead of “ spermatogone.” 

For the sake of uniformity of arrangement, but by no means as implying my 

concurrence in his classification and nomenclature, I have adopted, in the follow- 
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ing memoir, the names of genera and species used by Dr NyLanpEr, in what are 

both the most recent, and at the same time most accurate and philosophical, con- 

tinental works in lichenology.* Ido this the more readily, inasmuch as I have 

not yet elaborated the classification and nomenclature I mean to follow in my 

forthcoming ‘‘ Synopsis of the British Lichens.’”—(Brapsury and Evans, London. ) 

For usefulness of reference to the reader, I beg to append a vidimus of NyLan- 

DER’S arrangement,} so far as it contains genera and species, whose spermogones 

and pycnides are described in the following Memoir. The genera and families, 

however, will not be found arranged in the order laid down by NyLanper. Ihave 

begun with the higher lichens; and I have been guided in the arrangement or 

sequence of the families and genera more by the similarity of their spermogones, 

than by general anatomical affinities. It is obviously, however, a matter of no 

moment how the families and genera follow each other, or are arranged. The 

point of real importance is, that the spermogones in each family, genus, and 

species, be fully and distinctly described. 

Famizy I. Collemacei. Genera. 

: spt Ephebe, Fr. 
Tribe 1. Lichina, . . . { gee ne 

Synalissa, DR. 
Omphalaria, DR. 

Tribe 2. Collemei, . . . Collema, Ach. 
Leptogium, Fr. 
Obryzum, Wallr. 

Famizy II. Myriangiaeei. 

Tribe t. Myrianget, . . Myriangium, Mont. and Berk, 

Famity III. Lichenacei. 
Sphinctrina, Fr. 

‘ nilulind Calicium, Ach. 
Tribe 1. Caliciee, . . . Coniousbeyicke 

Series I, Epiconiodei, . . Trachylia, Fr. 

2 ; Spherophoron, Pers. 
Tribe 2. Spherophorei, . { (eos, ee 

Tribe 3. Baomycei, . . Beomyces, Pers. 

Series II. Cladoniodei, . . ( Tribe 4. Cladone,. . . Cladonia, Hoffm. 

Tribe 5. Stereocaulei, . . Stereocaulon, Schreb. 

Tribe 6. Roccellet, . . . Roccella, Bauh. 

Series III. Ramalodei, . 
Tribe 7. Siphulei, { uphaila, Fr, 

Thamnolia, Ach. 

* His “ Synopsis Methodica Lichenum,” and his “ Enumeration Générale des Lichens,’”’ both 
published in 1858. 

} As given in his “ Synopsis,” p. 65. 
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Famity III. Lichenacei—continued. Genera. 

Tribe 8. Usneei, Neuropogon, N, and Flot. 
Usnea, Hoffm. 

Chlorea, Nyl. 

Alectoria, Ach. 
Series III. Ramalodei, . . Evernia, Ach. 

continued Tribe 9. Ramalinei, . . ‘\ Dufourea, Ach. 
Dactylina, Nyl. 
Ramalina, Ach. 

: oe Cetraria, Ach. 
Tribe 10. Cetrariet, { Plateaus, Hage. 

Nephroma, Ach. 
Nephromium, Nyl. 
Peltigera, Hoffm, 
Solorina, Ach, 

Tribe 11. Peltigerei, 

| Sticta, Ach, 
: : ‘ : As Ricasolia, DN. 

Series IV. Phyllodeil, . . ¢ Tribe 12. Parmelici, . . Pacmeha Anh, 

Physcia, Fr. 

Tribe 13. Gyrophorei, . Umbilicaria, Hoffin. 

/ 

Tribe 14. -Pyainet;).) 2 % Pyxine, Fr. 

Pannaria, Del. 
Coccocarpia, Pers. 
Amphiloma, Fr. 

| Squamaria, DC. 
| Placodium, DC., &c. 

( Psoroma, Fr. 

| 
| 

Series V. Placodei, Tribe 15. Lecanorei, pro parte, 

The part of NyLanpeEr’s table given above, refers to the filamentous, fruticu- 

lose, and foliaceous lichens,—those whose spermogones are described in this 

memoir. The other half relates to crustaceous lichens, which include the Leca- 

norei, Lecidinei, Graphidei, and Pyrenocarpet (or Verrucarie). 

In the researches on which the following memoir is based, I was in the 

habit of using the magnifying power 380 of a Nacuer’s microscope (“ petit 

modéle”), made in 1851, and a micrometer eye-piece made by James Bryson, 

Edinburgh. 

In giving measurements from the French, as I do in a few cases in describ- 

ing spermogones or their contents, which have been observed by NYLANDER or 

TULASNE, but not by myself, I have calculated the French millimetre as equal to 

ith of an English inch. The usual calculation hitherto has been yth; but I 
believe ;th to be more correct, and to be, therefore, gradually coming into more 

general use both in France and in this country. 
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As a sort of key to the following memoir, I beg to subjoin a 

Summary of the general characters of Spermogones* and Pycnides,t and their respective 

contained corpuscles, Spermatiat and Stylospores.§ 

I. SPERMOGONES. 

I. External Form.—tThey are generally more or less oval or spherical bodies ; 

sometimes wholly immersed in the substance of the thallus; more frequently 

partly immersed and partly projecting on the surface of the cortical layer: in 

some cases, naked and sessile, seated on the surface of the horizontal thallus, or 

forming the terminations of the ramuscles in the erect fruticulose one. The 

immersed and semi-immersed spermogones are plunged in the substance of the 

medullary tissue of the thallus, and they are usually partly covered by the cortical 

layer, and partly encircled by the gonidic layer. 

Spermogones appear on the surface of the thallus, as :— 

1. Punctiform bodies—In which case they are wholly immersed, the apex 

alone being visible on the thalline surface ; in many Parmelias, in Evernia, Roc- 

cella, Dufourea, and Chiorea. 

2. Conoid or Papilleform bodies—In which case they are semi-immersed ; in 

many Physcias, Umbilicarias, Parmelias, Placodiums, Squamarias, and Pannarias. 

3. Mammilleform bodies—In which case they are sometimes seated on, or in, 
special thalline tubercles ; in many Séictas, Ricasolias, and some Physcias, Par- 

melias, Pannarias, and Coccocarpias. 

4. Discoid bodies—In Collema and Leptogium. 

5. Wart-lke bodies—In Ramalina, Usnea, Thamnolia, Ephebe, and Stereo- 

caulon. The papilleform and mammilleform spermogones also frequently become 

wart-like and very irregular when confluent. 

6. Barrel-shaped or tub-shaped bodies—In Cladonia, some Nephromiums, 

Lichinas, and Parmelias. 

7. Large lecidine bodies—Whitish in Placodium circinatum, var. ecrustaceum ; 

brown in a form of Cladonia papillaria. . 

Externally, the spermogones frequently resemble, and are apt to be confounded 

with,— 

a. Nascent apothecia; as in Ricasolia herbacea. 

b. Pycnides. 

* From omigua, a seed, and yovj, generation, 
 ¢ svmds, compact, or ruavbrqg, a compact series (Latin, Pycnitis), in allusion to the closely ag- 

gregated sterigmata. The designation, Pycnidis, which was originally given by TuLAsNE, is common 
to similar organs, which occur in various fungi, particularly the Hypozyla. 

t onégua, arog, a seed or germ. 
ordaog, a pillar (Latin, Stylus), and ozoge, a seed, from being borne on the end of pedicles or 

stalk-like filaments, called Sterigmata ; crjgrywu, a support. 
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c. Parasitic fungi,—especially of the genus Spheria. 

d. Minute Verrucarias. 

é. Parasitic Lecidew—as L. vermicularia, L. alectorie, L. cladoniaria, and 
L. obscuroides. 

From all these bodies they are only to be distinguished by microscopical 

examination. 

II. Position of the spermogones on the thallus, and in relation to the apothecia. 

They occur generally on specimens bearing also apothecia; sometimes, how- 

ever, only on sterile specimens of species whose apothecia are common; and still 

more rarely on species or specimens never yet found bearing apothecia, as in 

Thamnolia vermicularis and Dufourea madreporiformis. 

1. Superficial —oOn the foliaceous, horizontal thallus, usually scattered about 

the margins of the lobes or lacinize, as in many Parmelias and Physcias. In this 

case they are situated external to the region occupied by the apothecia. 

In exceptional cases they are scattered generally over the whole surface, and 

are then intermixed with the apothecia, as in Parmelia conspersa, P. encausta, 

and P. stygia. The same occurs sometimes in species with a fruticulose thallus, 

as in some Cladonias and Roccellas. 

They are sometimes confined to the plicee of the thallus, as in some species of 

Sticta and Ricasolia. 

In some Placodia, which approach the true crustaceous type of thallus, sper- 

mogones are scattered,—isolated, or in groups of two or three,—on the thalline 

areolze, central or peripheral, generally the latter, sometimes both. 

2. Marginal__In some species with a foliaceous thallus, they are seated 

directly on the margins of the lobes, to which they give a denticulate character, 

as in many Platysmas, in Collema and Leptogium, in Parmelia perforata var. den- 

ticulata, Nephromium tomentosum, and some forms of Ricasolia herbacea. They 

are also marginal in some species, with a subfoliaceous or fruticulose thallus,—as 

Parmelia Fahlunensis, P. tristis, and Evernia Richardsont. In other lichens, they 

are seated at the ends of cilia or processes given off from the margin of the 

thallus, as in Cetraria islandica, and some forms of Nephromiwm tomentosum. 

3. Terminal.—In several species or genera, having a fruticulose or filamentous 

thallus, the spermogones are scattered toward the ends of the thalline segments or 

ramules, as in Usnea, Ramalina, Ephebe, and Roccella. In Cladonia, they gene- 

rally either form the tips of the tapering, simple, or branching podetia, as in C. 

rangiferina, C. furcata, and C. uncialis; or they fringe, as tooth-like processes, 

the margins of the scyphi, asin C. pyzidata. In some cases they are seated on the 

same podetia with the apothecia, as in most species with scyphi; in others, they 

are on different podetia, as in those with a ramose thallus, such as C. rangiferina, 

In both cases, however, they are in close proximity to the apothecia. Some Cla- 

donias have spermogones on the surface, as well as the margins of the scyphi. 
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Others, in addition to terminal spermogones, have barrel-shaped ones, of similar 

size and form, seated either on the horizontal primary thallus, or on the folioles 

or squamules which cover the podetia, as in C. alcicornis, C. squamosa, var. ccespi- 

titia, and C. bellidijiora ; or, in the same cases, they occur on the horizontal thallus 

or the folioles alone. 

In some species of Alectoria and Neuropogon, the spermogones are the terminal 

bulgings of the ultimate ramules, as in A. Taylori and N. melaxanthus. 

In Stereocaulon, they are warts usually crowded in groups at or about the ends 

of the ramules. In some species, they form a sort of collar round the terminal 

apothecia. 

In Spherophoron, Acroscyphus and Lichina, they are seated on or near the tips 

of the ultimate divisions of the thallus. . 

In addition to the above normal or usual positions of spermogones, they some- 

times occur in the following exceptional situations :— 

a. On the exciple of the apothecia, as in P. conspersa. 

b. On the apothecia themselves, as in Lichina pygmea and conjinis, and 

some forms of Cladonia rangiferina. 

¢. In the hypothecial tissue of the apothecium, as in Celidium jfusco-purpu- 

reum. (Tul. Mem. Pl. 14, f. 12.) 

Ill. External colour of the spermogones.—Iin immersed or semi-immersed sper- 

mogones, it is generally only the superior portion, or that portion which projects 

above the surface of the cortical layer of the thallus, that is coloured. In many 

cases the ostiole alone, or its margin, is the seat of visible colour. The naked or 

sessile spermogones, however, are usually coloured uniformly all round, the ostiole 

here, as in all cases, being darker than the surrounding tissues. 

The spermogones are generally differently coloured from the thallus, the one 

being dark and the other light ; and this contrast of colour is one reason why the 

spermogones are frequently so readily visible under the lens. In cases where 

both thallus and spermogones have a dark or a light colour, the latter are generally 

with difficulty recognised, as in Umbilicaria, Usnea, and Ramalina. The colour 

of the spermogone generally passes more or less gradually into that of the sur- 

rounding thalline surface. But sometimes the spermogone is distinctly circum- 

scribed, both as to colour and form, as in Collema and Leptogium, where its 

brownish-yellow colour contrasts well with the green of the thallus. 

The spermogones are :— 

a. Black in many Parmelias, Physcias, and Roccellas. Some of them, 

though black to the naked eye, or under the lens, or when dry, are 

found to be really b70wn when submitted to the microscope, or when 

moistened. 

b. Brown in Cladonia, Nephromium, and some Physcias and Parmelias. 

c. Orange-red or yellow in several Physcias and Placodiums. 

VOL. XXII. PART I. 2G 
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d. Concolorous with the thallus in Usnea, Ramalina, Thamnolia, Stereo- 

caulon, E/phebe, and Lichina. 

IV. Size of the Spermogones.—Their diameter varies from {th to th of an inch, 

many having an average diameter of —th to + th. 

They appear as extremely minute, microscopic points in many Parmelias, in 

Evernia, and Roccella. They are visible to the naked eye, or are readily recog- 

nized under a simple lens of low power, in many Rcasolias and Cladonias, and in 

some Usneas, Ramalinas, Physcias, Coccocarpias, and Placodiums. They are of 

an intermediate size in Sticta and certain Physcias. 

V. Number of the Spermogones.—They are seldom single and isolated, but this 

sometimes occurs in the terminal spermogones of Cladonia. In some species with 

a fruticulose thallus, such as Cladonia rangiferina, or C. furcata, and Cetraria 

aculeata, they are generally in groups of two or three. The papilleeform, mam- 

milleform, and wart-like spermogones, are generally grouped in larger number; 

but they never occur in such numbers as the punctiform ones. The latter some- 

times cover the whole surface of the thallus, so as to give it a black-punctate 

character, as in Parmelia encausta, P. conspersa, and P. stygia. 

VI. Structure of the Spermogone.—Every spermogone consists of the following 

parts :— 

1. A capsule or envelope. 

2. A nucleus, which again is made up of— 

a. Sterigmata, which generate ; 

b. Spermatia; and of a 

c. Basal cellular tissue. 

3. A central cavity, which opens to the external surface by a more or 

less minute 

4. Ostiole or Pore. 

1. The capsule or envelope is usually more or less thick and tough in its texture. 

It is made up of cells, sometimes round, but more generally, from their close 

ageregation and mutual pressure, hexagonal or irregularly angular, oblong or 

elongated. They are usually more or less thick-walled. Sometimes so close is 

their apposition, that the outline of the individual cells becomes lost, or is very 

indistinct. The structure of the capsule may be described, in general terms, as 

closely resembling that of the exciple of the apothecium and the cortical layer of 

the thallus. Its colour is as described under that of the spermogone generally. 

It is very frequently blackish or brownish; indigo in Pannaria triptophylla; 

orange in several Physcias and Placodiwms. 

2. The nucleus is mainly made up of the closely aggregated sterigmata, which 

are united by a mucilage, that also occupies the spermogonal cavity. Its texture 

is dense and more or less horny, frequently to such an extent that it admits of 

being sectioned in very thin slices. The texture becomes denser and harder 
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with age. From its density, the nucleus can be frequently readily separated 

from its capsule and from the thallus by the point of a needle, as in many Aica- 

solias and Stictas, where it is comparatively large. Its colour is usually whitish 

or grayish ; sometimes it is rose-coloured ; seldom is it so different from that of 

the surrounding medullary tissue as to be readily distinguished therefrom. At other 

times, however, this difference or contrast in colour between the nucleus and the 

surrounding medullary tissues is the only means of distinguishing the former on 

section of the thallus. In old age, the nucleus frequently falls out spontaneously, 

leaving a cavity, which is at first not very conspicuous, but which gradually be- 

comes so by being deepened, acquiring a dark colour, and having swollen lips or 

margins. These cavities, which are sometimes very irregular in form, frequently 

give the thallus the appearance of being covered over with perforations, more or 

less closely aggregated, as in Parmelia saxatilis, var. omphalodes, P. encausta, and 

P. stygia. - 

a. Sterigmata.*—These are delicate filaments, arranged vertically to the 

wall of the spermogone, and convergently to its central cavity. They consist 

either of a single elongated cell, or its ramifications; or of a number of shorter, 

and usually broader cells in superposition. Hence they are divided into simple, 

and compound or articulated | Arthro-sterigmata, Nyl.|| They are so closely ag- 

gregated, that, under a low power, they look like mere striz; and sometimes, 

under the microscope, they appear united at their bases. Their walls differ much 

in thickness ; they are usually thickest in some arthrosterigmata. They appear to 

contain a colourless, homogeneous fluid; and their walls are also colourless, 

generally speaking, though occasionally in age their bases acquire a certain degree 

of colour. The tissue which they form is very hygrometric, imbibing water with 

ereat rapidity and ease. 

(1.) Form a. Simple, filiform, and 1-cellular, or consisting of the ramifications 

of a single cell. 

Longish in Ramalina, Lichina, Roccella, Spherophoron, Stereocaulon, Alectoria, 

and Dufourea. 

Shortish, sometimes almost absent, in Sguamaria. Simple sterigmata some- 

times taper gradually into spermatia, which then appear as terminal joints. 

They generate spermatia only from their apices. They divide or branch at or 

near the base only, and their ramifications sometimes resemble digitate processes 

from basal tubes or filaments. In the old state, the simple sterigma becomes 

sometimes sterile, elongated, and ramose; and its ramifications form a filamen- 

tous network more or less occupying the spermogonal cavity, and resembling that 

which is found in the spermogone of many Parmelias having articulated sterig- 

mata. This is particularly noticeable in some Cladonias. 

* origrywo, a support, in allusion to their function of generating the Spermatia. 
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b. Compound or articulated | arthrosterigmata|. Component cells are,— 

1. Short, broadish, often thick-walled, and numerous in Sticta, Ricasolia, 

Nephromium, Pannaria, Coccocarpia, Placodium, Umbilicaria, Collema, Leptogium, 

and some Physcias. 

2. Longish, narrow, mostly thin-walled, and few in Bx mela, many Physcias, 

Evernia, Usnea, Platysma, and Cetraria. 

Like the simple sterigmata, the articulated sterigmata are sometimes ramose, 

but the ramifications may come off at any point between their base and apex. It 

is noteworthy, that arthrosterigmata uniformly bear stv,aight spermatia, which are 

given off from both apex and sides, while the simple sterigmata bear spermatia, 

which are sometimes curved or twisted, sometimes straight. In the case of simple 

sterigmata, the spermatia are more frequently short, oblong, oblong-oval, or cres- 

centic; in that of arthrosterigmata, they are almost always rod-shaped or acicular. 

In the arthrosterigmata, the spermatia, though given off from the sides of the 

sterigmatic filament, as a whole, are generated from the apices of the individual 

or component cellules, at more or less irregular angles. Hence they project from 

the sides of the sterigmata like a series of needles or bristles, numerous in propor- 

tion to the number of the constituent cellules of each sterigma. This bristled 

appearance is, therefore, most marked where the individual articulations or cells 

are short and numerous, as in Collema, Umbilicaria, and Placodium. 

(2.) Size.—In length, sterigmata vary from +th to = th of an inch, a medium 

being sei to th. They are shortest when simple ; in some cases so short as to 

eben absent. In breadth, they vary from ;.th to ;,1,th; an average being ,,th 

to 1 th. Simple sterigmata are usually narrower, as well as shorter, than arthro- 
10, a 

sterigmata; in them the breadth is sometimes so small as ;,,,th to ;,,th. Arthro- 

sterigmata are frequently’ ~ th to ~,th broad, though sometimes they do not 

exceed ;,t,th. The following micrometrical scale, applied to the dength of the 

sterigmata, may assist the reader :— 

to sq inch. Fry KS o B te} a, ol 
| . Very short, 

1 
0 

2. Short, iis ee 

3. Shortish, mee _— 

4, Medium size, Be a ss 

5. Longish, : ; : : f sto stv 

6. Very long, nae ae 

The cavity of the spermogone, in many lichens,—as in Parmelia physodes, P. 

saxatilis, P. tiliacea, P. acetabulum, P. perlata, P. perforata, P. sinuosa, P. mutabilis 

P. conspersa, P. kamtschadalis, and in Ramalina, Usnea, and Evernia, almost all 

having compound or articulated sterigmata,—is occupied more or less by a lax 

network of very delicate anastomosing filaments. These would appear to be 

hypertrophied, sterile sterigmata; at least, the elongated ramose sterigmata of 

Cladonia seem to me to furnish a key to their true nature. They spring from 
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among the spermatiferous sterigmata, which they greatly exceed, both in length 

and tenuity. Their extremities are usually more or less knobbed or bulging. 

b. Spermatia are solid bodies, colourless and transparent; homogeneous, 

having no contents and showing no septa; generally more or less linear in form, 

and of equal thickness throughout; never quite spherical; of extreme tenuity; 

exhibiting great uniformity in size and shape; devoid of cilia or other ap- 

pendages ; possessing Brownian or molecular movements in water; having no 

power of germination; never intermixed with oil globules, but imbedded ina 

mucilage. 

These essential characters it is of importance to bear in mind, especially in 

contrasting, as to function, spermatia with stylospores. 

Form a. Straight.—1. Rods with obtuse ends, or needles with pointed ends, 

in all species with arthrosterigmata. This, therefore, is the commonest 

form of spermatium. 

2. Oblong, oval-oblong or ellipsoid in Ramalina, Lichina, and Ephebe. 

b. Curved.—1. Shortish ; sickle-shaped or crescentic ; of equal thickness 

throughout, and with blunt ends, or thickest in the centre ; with pointed 

ends in Cladonia, Roccella, Stereocaulon. 

2. Long; twisted or vermiform in Squamaria. 

Size.—The length of the spermatia varies from ath to eoth of an inch, a 

medium or average being 3th to ;;th. Sometimes, though rarely, asin Parmelia 
tiliacea occasionally, they are twice as long when attached as when free. But, in 

such cases, it would appear that, when thrown off from the sterigmata, they divide 

into two equal segments. Their breadth is most frequently about month to sonth, or 

it is so small as scarcely to admit of measurement. The following micrometrical 

scale, applied to the /ength of the spermatia, may assist the reader :— 

1. Very minute, ; ; . . . ae inch to a0 
re eenute, : 2 : . : 3 ae eile 8000 
3. Smallish, . : . ; : a0 see sam 
4. Medium size, ; ; - : : oe codes bear, 

5. Longish, . : . ° : . ima (eae 
6. Verylong, . : y - . : aan a 

Position on the Sterigmata.—They are given off from— 

a. Apices only, in simple sterigmata. 

b. Apices and sides, in compound or articulated ones. 

Development.—The spermatium first appears as a minute, papillar bulging of 

the apex of the sterigmatic filament or cell. This papilla gradually becomes 
elongated, and when maturity has been arrived at, a line of separation becomes 
marked, and the spermatium falls from its parent cell and base of support. Each 
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sterigmatic cell would appear to give off in succession many spermatia; hence the 

infinite numbers in which the latter are found in the spermogonal cavity. 

Emission or expulsion from the Spermogone.—When thrown off from the 

sterigmata, the spermatia accumulate in the central cavity of the spermogone, 

and gradually escape by the ostiole or pore. The emission or expulsion takes 

place under the influence of moisture, and its mechanism is the same in principle 

as that which regulates the expulsion of the spore from the thecee and apothecia. 

The nucleus or sterigmatic portion of the spermogone imbibes water with great 

rapidity and avidity, swelling much; while the capsule or envelope does so 

much less readily and more slowly. The result is, that under the influence of 

moisture, a considerable pressure is exerted by the latter upon the former, the 

spermogonal cavity is contracted in size, and its contents,—the spermatia and the 

mucilage in which they are imbedded,—are squeezed out of the ostiole with con- 

siderable force, frequently, indeed, as if in a cloud or stream. 

3. Cavity.—The spermogonal cavity is simple in the majority of lichens; but 

it is divided into a series of compartments or loculi, with more or less sinuous 

walls, in some Physcias, Coccocarpias, Usneas, Ramalinas, Thamnolias, Stereo- 

caulons, and Neuropogons. 

It contains a mucilage, which is usually colourless ; but which is rose-red in 

some Cladonias. In this are imbedded the spermatia. The cavity is sometimes 

occupied by a net-work of anastomosing filaments, which arise from among the 

spermatiferous sterigmata, and which appear themselves to be hypertrophied, 

sterile, modified sterigmata. In age, the sterigmata frequently encroach upon the 

spermogonal cavity so much, by becoming elongated and hypertrophied, that 

it is frequently at length obliterated. ; 
4. Ostiole or Pore—Form.—It is normally regular and round; but in the old 

state it is very frequently stellate-fissured, or otherwise irregular in its out- 

line. In wart-shaped spermogones it is also frequently elongated and irregular. 

In position, it is central, one being seated on the apex of each spermogone. But 

when the spermogones are confluent, the ostioles are frequently so also, or a mass 

of confluent spermogones may be dotted over with an irregular series of foramina 

or ostioles, as in the case of Alectoria Taylori, and Neuropogon melaxanthus. The 

ostiole may be either flat,—that is, even with the surface of the thallus,—papille- 

form, or depressed; or it may possess all three forms in the same species, or even 

specimen. But the papillaform ostiole is more common than either of the other 

two. It is frequently surrounded by, or seated in the centre of, a round areola, 

as in many Stereocaulons, Spherophorons, and Parmelias. | 

The lips or margins of the ostiole in the young and mature state are seldom 

very prominent; but in the old state they are frequently swollen, coloured, and 

prominent. 

Size.—The ostiole is generally very minute; invisible without the aid of the 
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lens, and even with its aid, difficult of detection, as in many Parmelias, Physcias, 

Evernias, &c. In some cases it is so large and patent as at once to be recognised 

under the lens, as in Cladonia, some Parmelias, &c. 

Colour—is generally blackish or brownish; in some Physcias and Placodiums 

itis orange-red ; and in Usnea and Ramalina it is concolorous with the spermogone 

and thallus, and hence is extremely inconspicuous. In exceptional cases it is 

pruinose, as in Physcia pulverulenta, in which species, also, it is sometimes of a 

rose-red colour. 

VII. Chemical Characters.—No portion of the spermogonal tissues ever gives a 

blue reaction with iodine, as the thecze and other elements of the hymenial 

tissues of the apothecia do. But the spermatia are rendered sometimes more 

distinct by being coloured a deep reddish-brown. 

VIII. Function of the Spermogone.—lIt is generally supposed, by continental 

observers, that the spermogones are the analogues of male organs; but no im- 

pregnatory or fecundating influence on the spore has yet been distinctly observed 

or proved. In connexion with speculations as to their function, it is important 

to note :— 

. The universality of the occurrence of spermogones in lichens. 

. Their intimate relation, as regards position, to the apothecia. 

. Their priority in development over the apothecia. 

. The general resemblance of the spermatia to the spermatozoids of other 

cryptogams, though they are destitute of all appendages. 

5. The differences in form and structure between spermatia and spores. 

The former are solid, homogeneous, of extreme tenuity, elongated, 

colourless, of almost uniform shape and size. The latter are hollow, 

with heterogeneous contents, frequently septate, usually spherical or 

oval, shortish, frequently coloured, varying greatly in size and form. 

6. The absence of germinative power in spermatia. 

7. The relative size of the spermatia and spores,—the former being infi- 

nitely more minute. 

8. The relative number of spermatia and spores,—the former being infi- 

nitely more numerous. 

IX. Hfects on Classification, &c., of the discovery of Spermogones.—What 

are now ascertained to be spermogoniferous states of many lichens were regarded 

by the older lichenologists as separate varieties, species, and even genera; hence 

the discovery of spermogones has been the means, infer alia, of greatly reducing 

the number of lichens, and of simplifying their classification and nomenclature. 

eo bt = 

IJ. PycnipEs. 

The Pycnides of lichens may be described generally as externally resembling 

in form, colour, site, &c., the spermogones, from which they can be distinguished 
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only by microscopical examination. The essential difference lies in the character 

of the contained corpuscles—the stylospores, though the sterigmata also differ 

from those of the spermogones to this extent, that they are almost always simple, 

shortish, and stoutish, generating the stylospores only at their apices. The 

pycnides consist, like the spermogones, of a—1. Capsule; 2. Nucleus, made up of 

sterigmata, with stylospores instead of spermatia however; 3. Cavity; and 4. Osti- 

ole. They resemble outwardly, and are frequently mistaken for—a. Spermogones ; 

b. Minute Verrucarias ; c. Parasitic Fungi; and d. Parasitic Lecidee, such as those 

mentioned under the head of spermogones. From all of these bodies they can 

only be distinguished by careful microscopical examination. 

They resemble the organs known as Phoma, Septoria, Diplodia, &c., which, 

according to TuLASNE, belong, as secondary reproductive organs, to various theca- 

sporous fungi. Their occurrence, alike in fungi and lichens, is a strong link binding 

together in close alliance these two great cryptogamic families. They are more 

plentiful in the lower than in the higher,—in crustaceous than foliaceous, lichens,— 

or, in other words, in those species most nearly approaching, in other particulars 

of their organization, the fungi. In crustaceous species they usually occur as 

very minute black perithecia, resembling the apothecia of Verrucaria. But in the 

higher lichens, they are frequently much larger, more closely resemble the sper- 

mogones, and are variously coloured, as in Peltigera and Alectoria. In the first- 

named genus they are marginal, like the apothecia; in the other, they are seated 

sometimes as warts on the thalline filaments, or in the axils of their ramifica- 

tions. 

Pycnides are sometimes associated both with spermogones and apothecia; 

sometimes with apothecia alone, no spermogones being present. Occasionally, 

pycnides and spermogones occur without apothecia, as in some species of Strigula ; 

and sometimes pycnidiferous states of lichens are found just as spermogoniferous 

states are,—without either of the other forms of reproductive organs. 

The distinction between pycnides and spermogones is, to a certain extent, one 

of convenience,—one depending on the difference in character of the contained 

corpuscles,—not one as yet founded on essential differences in function, inasmuch 

as the function of neither can yet be said to be thoroughly established or under- 

derstood. Hence it may hereafter appear that some organs now denominated 

pycnides should be really regarded as spermogones, as those of Peltigera and 

Alectoria, and perhaps, though less likely, the converse,—that some organs now 

regarded as spermogones should be looked upon as pycnides, as those of Lichina ! 

Stylospores have the following distinctive characters :— 

form is very variable; but they are usually pyriform or oval. Generally 

they resemble spores in appearance. They are hollow bodies, with contents 

which are, at least, partly oily. They are usually found intermixed also with oil 

globules of various sizes. Occasionally they are septate, like many spores. Some- 
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times they retain their sterigmata as caudate appendages, shrivelled, but still dis- 

tinct. Their colour is sometimes a pale yellow. 

Size, like form, is variable. The length varies from jth to zath of an inch, 

and the breadth from th to aath. Their size is therefore much greater in every 

dimension than that of the spermatia. At the same time, they are much fewer 

in number than the spermatia. 

They are given off from the apices only of the sterigmata, and they are said 

by Nyzanper to possess the power of germinating. 

Function of the Pycnides and Stylospores.—Founding solely or chiefly on their 

alleged power of germination, the stylospores are described in the latest conti- 

nental work on lichens (NYLANDER’s “ Synopsis”) as sporotd bodies, that is, 

resembling spores, both in form and function. According to this view, we should ° 

regard the pycnides as secondary or supplementary apothecia. I have not, how- 

ever, seen this germination of the stylospores for myself; neither have I observed 

impregnation of the spores by the spermatia; and though I am inclined, so far 

as my own observations have gone, to the views regarding the functions of the 

spermogones and spermatia, pycnides and stylospores,—which I have above 

enunciated as those taken by continental observers,—all that I feel warranted 

at present in advancing is, that I believe both spermogones and pycnides, in some 

way not yet fully established, to subserve the purposes of reproduction in lichens. 

FAMILY I. Usnez. 

GENUS I. Usnga, Hof'm. 

The spermogones of this genus are extremely difficult of discovery, from their 

being of the same colour as the thallus, and from the ostiole being pale and incon- 

spicuous; moreover, they are seldom met with. Ihave examined hundreds of speci- 

‘mens in every state, and from all manner of habitats, without success, and I had 

despaired of ever finding its spermogones, when, about two years ago, I suc- 

ceeded in discovering them in abundance in a specimen of U. barbata, var. hiria, Fr., 

in Lercuton’s “ Lichenes Britannici exsiccati.” I have subsequently found them 

more plentifully in foreign specimens of the same species. J am now in a position 

to announce that the variety hirta of the older authors is, in great part at least, 

simply a spermogoniferous state or condition. It is partly also a state in which 

sorediiferous, instead of spermogonal, warts are abundant. These two separate 

kinds of warts can seldom be safely distinguished otherwise than by microscopical 

examination. I am not aware that, at the period of my discovering the spermo- 

gones of Usnea, I had been anticipated in my observations by any previous author. , 

KoERBER says distinctly, “ Spermogonien sind bis jetzt weder an dieser noch den 

andern arten aufgefunden worden.’’* Since the date of my original observations, 

* « Systema Lichenum Germanie,” “ Die Flechten Deutschlands,” von Dr G. W. Kogrrzer. 
Breslau, 1855. P. 3. (Sub U. florida, L.) 
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the spermogones of Usnea would appear to have been noticed by Dr Nynanper of 
Paris, who, however, has as yet given no full or precise account thereof. 

These spermogones are tubercles or warts, varying greatly in size and form, 
which are scattered abundantly (when they occur at all) along the ultimate ra- 
muscles of the thallus, near their tips especially. To these they give the very rugose 

or warted appearance, which they not unfrequently bear, especially in var. hirta. 

They occur sometimes also on the cilia, which diverge from the margins of the 

large flat apothecia. They are, as I have already stated, concolorous with the 

thallus, and the ostiole can rarely be detected, unless when it is, as is seldom 

the case, black-punctate. Their nature, however, can be readily determined by 

placing one or two of them in a drop of water between glass slides under the 

~ microscope, while subjecting them to moderate pressure. The emission of myriads 

of small needle-like spermatia will at once remove all doubt as to their nature. 

Sometimes the spermogonal warts are isolated; more frequently they are confluent 

and irregular. Their cavity, too, though sometimes simple, is generally sinuous 

or compound, branching into numerous narrow compartments. Externally, the 

spermogones of Usnea resemble those of Aamalina, which are somewhat better 

known and more abundantly met with. The sterigmata, which converge towards 

the centre of the spermogonal cavity from its internal walls, are either simple and 

linear, or composed of a few linear, delicate cells or articulations, as in many 

Parmelie. These cells bear, on their apices, rod-shaped spermatia, varying from 

woth to auth long, and having a breadth of about yacth. Associated with the 
ordinary sterigmata are numerous elongated, ramose, delicate, sterile filaments, 

such as occur in Ramalina, and in several Parmeliw. NY LANDER describes the 

spermatia as rather thicker at one end, which thicker end is the one attached to 

the sterigma, and therefore lowest. This I have not specially noticed. The sper- 

mogones of Usnea are sufficiently and well illustrated by those of its species, 

U. barbata, which is to be found all over the world. . 

Sprcies 1. U. barbata, Fr. 

Specimen 1.—Var. hirta (or spermogcnifera, pro parte). Lrrcuton’s_ “ Lich. 

Brit. exsice.” No. 1. (Engl. Bot., Plate 1354). Haughmond Hill, Shropshire. 

On the two right-hand specimens in my copy, both of which are dwarfed, de- 

formed, much warted, and of a very dark greenish-gray colour: in fruit. In one 

specimen the spermogonal warts are chiefly scattered over the cilia, proceeding 

from the margins of the apothecia; in the other they cover the sterile ramuscles, 

especially about their extremities. In site and external appearance the spermo- 

gones are extremely like those of Ramalina scopulorwin, Ach., and R. polymorpha, 

Ach. They are generally confluent, large, and irregular, and are among the most 

distinct spermogones | have ever observed in this genus. Their envelope is com- 

posed of hexagonal or roundish cells, constituting a tissue resembling that of the 
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epidermis or cortical layer of the thallus, and having either a greenish or brownish 

colour. The internal tissue is dense, white, and hygrometric, as it is in the 

majority of lichens; and the cavity is full of viscid mucilage, in which are im- 

bedded the free spermatia thrown off from their sterigmata on reaching maturity. 
The latter corpuscles are straight and linear; sometimes very short, not exceeding 

nth to ath long, sometimes long and acicular, attaining a length of zath. The 

breadth in both cases is generally the same, being about sooth. The sterigmata 

are sometimes simple and linear, ramose at base, or coming off in a digitate manner 

from basal filaments or tubes. At other times, and more generally, they are com- 

posed of a few—occasionally of numerous—articulations, which are delicate, linear, 

longish cells. These articulations or component cells, however, differ greatly in 

size and shape. They may be short and oval-oblong, or spherical, or elongated, 

and with very irregular outline. Moreover, they are articulated to each other at 
very irregular angles, and the whole sterigmata have frequently, therefore, a very 

zigzag and irregular outline. In the older spermogones are to be found masses 

of projecting elongated hypertrophied sterile ramose filaments, having quite the 

characters of those which occur in Ramalina, in Parmelia physodes, P. tiliacea, 

and many other lichens. 

Specimen 2.—Van Dieman’s Land ; collected by Dr J. D. Hooxer, 1856. In 
the Hookerian Herbarium, Kew (sub nom. U. florida, Ach.). This is also var. 

hirta, a name, I think, which should, to avoid errors and misconceptions, be re- 

tained solely for spermogoniferous warted states of U. barbata. It is not of itself 

a good variety, for rough warted spermogoniferous states may occur equally in the 

varieties florida, ceratina, plicata, and hirta of authors, though they are most 

abundant in the latter variety. The spermogones are here abundant on the small 

ramuscles which diverge as cilia from the margins of the apothecia; and also on 

the small transverse ramuscles, which are given off by the erect (or pendent) main 

ramules in the neighbourhood of the apothecia. The warts are small and indis- 

tinct, and seldom, though occasionally, is the ostiole distinguishable. Thespermatia 

are delicate needles, about sath to noth long. The sterigmata are very delicate, 

and either subsimple or slightly ramose; composed of two or three longish, delicate, 

linear articulations, as in Parmelia sazatilis, P. physodes, &c. Accompanying the 

spermogonal warts, but generally on separate ramuscles, are sorediiferous warts, 

which are at once distinguishable on microscopical examination. 

Specimen 3.—Also var. hirta; dwarf form. Tasmania. Antarctic Expedi- 

tion, 1889-43. Collected by Dr Hooker (sub nom. U. florida, Ach.): in abundant 

fruit. The main ramules give off very numerous transverse ramuscles. The 

latter, about their tips, are frequently roughened by indistinct, small spermogonal 

tubercles. They are so small as to be apt to be overlooked. The spermatia and 

sterigmata are as described in No. 2. But the latter sometimes also consist of 

simple linear, but irregular cells, which come off from basal tubes, lodged in the 
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capsule or walls of the spermogone, as digitate prolongations. This capsule or 

envelope is of a tissue, which is either pale yellow or colourless. 

Specimen 4.—Var. hirta. On the white oak of California. Collected by Mr 
DricutTon, 1857. The ramuscles are roughened over with warts, which, however, 

are chiefly sorediiferous. The spermogones are sparingly scattered about the tips 

of the ramuscles as elongated, flattish, pale warts, with ostioles of the same colour 

as the thallus. The sterigmata are very delicate and indistinct, of single, linear, 

elongated cells, subdigitately ramose at base. No free spermatia were found, the 

spermogones being chiefly old. 

Specimen 5.—Rio Janeiro, 1846-51. Sent to Henry Paut, Esq. <A few sper- 

mogones occur on the long and abundant cilia proceeding from the margins 

of the apothecia, as well as on the ramuscles diverging at right angles from the 

main branches of the thallus. They are either distinctly tuberculated, or they 

merely form fusiform swellings of the filiform ramuscles. The ostioles are pale 
and large; the tissue surrounding them still paler. 

Specimen 6.—Ceylon. Waker. In Hookerian Herb., Kew. Scattered about 

the tips of the ramuscles are tubercles, with pale brown disk-like ostioles, resem- 

bling young apothecia; these appear to be spermogones; but they are old, and 

contain no free spermatia. ‘The tubercles are generally surrounded by a pale collar 

or ring of thallus. The last two specimens both belong to the var. florida, Fr. 

GENUS II. Neuropocon, Nees and Flot. 

The only species of this genus, V. melaxanthus, resembles the Usnea florida, 

Ach., than which, however, it is much stronger, coarser, and more deeply coloured. 

This is only what we should expect from its habitat and geographical distribution, 

the genus being peculiar to the arctic and antarctic regions. The fruit, which is 

abundant, and the spores, are those of Usnea barbata, while the spermatia and 

sterigmata are similar, though somewhat longer. Instead of being tubercles, the 

spermogones constitute irregular fusiform swellings of the tips of the ultimate 

ramuscles, which are very black. These swellings are dotted over with minute 

perforations, which are the ostioles of the confluent compound spermogones. I 

can see no valid reason for dissociating U. melaxanthus as a genus from Usnea, nor 

from another closely allied lichen, which NyLANDER places in Alectoria, A. Taylori, 

and which has precisely similar spermogones, though the thallus is somewhat 

more simple. 

Sprcigs 1. U. melaxanthus, Ach. 

Specimen 1.—Hermite Island, Cape Horn. Antarctic Expedition, 1839-43. 

Dr Hooxer. The plant has a deep brownish-red colour, and very black apices, 

which contain the peculiar spermogones above described. The envelope of the 

spermogones is of a pale brown cellular tissue. The spermatia are delicate needles, 
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about sath to ;th long, with a breadth of about s;;,th. NyianpEr describes 
them as thicker at one end. The sterigmata are very delicate, and composed of 

longish, linear, somewhat irregular cells, from the apices of which are given off the 

spermatia. The sterigmata resemble those of Parmelia tiliacea, and other Parmelic. 

NyYLANDER describes them as simple and linear! 

GENUS III. Canorea, Ny. 

The spermogones of this genus,—at least if C. vu/pina, the only species I have 

had an opportunity of examining, may be taken as a type,—are more allied to those 

of Evernia, than of Usnea and Neuropogon, with which NYLANDER associates it. 

The species named has altogether more of an everniiform than an usneiiform as- 

pect. The spermogones are black or brown points or papillee according as they 

are immersed or superficial, scattered on the angles of the lacinize about their 

extremities, and conspicuous from contrast with the beautiful lemon-yellow colour 

of the thallus. The spermatia are straight, rod-shaped, or acicular. NYLANDER 

describes them as slightly thicker or “ fusiform-incrassate” at one end. They 

vary in size from sth to goth, with a breadth of about.s,nth. The sterigmata 
are simple, linear, somewhat irregular cells, ramose at the base; or they are 

composed of a few delicate linear cells or articulations, as in Usnea and Neuro- 

pogon. Their length varies from goth to gath. 

SPECIES 1. C. vulpina, Nyl. 

(Synonyms.—Cornicularia, Scu. Enum. 6; Evernia, Kors, 41; Fries. L. E. 

24, exs. 142; Mass. Lich. Ital. exs. 1 Pp. Parmelia, Ach.) Occurs in 

North America as well as in Europe. 

Specimen 1—On the bark of the Wellingtonea gigantea, California; the speci- 

men exhibited in the Crystal Palace, Sydenham, February 1857; J. Harpy. In 

fruit. The spermogones are brown tubercles, which give the laciniz a very rugose, 

warted character ; they are sometimes very large and distinct. The sterigmata 

are elongated, linear cells, subdigitately ramose at base. The spermatia are about 

sath long. On the same thallus occurs, as it frequently does, the parasitic Phacop- 

sis vulpina, Tul. (Herp. exs. 474). The apothecia of this Parasite are generally 

confluent, and form very large and irregular black warts or tuberculated masses, 

placed usually near the base of the thallus, or on the larger lacinize only. Besides, 

its spermogones have not yet been discovered, and its apothecia can scarcely, there- 

fore, be confounded with the isolated brown or black spermogones of C. vulpina. 

Specimen 2.—Hepp. exs. 474 (sub Phacopsis vulpina, Tul., which is parasitic on 

its thallus). Bark of old larches, and on old palings, about St Moritz, Switzerland. 

Here the spermogones are minute, black tubercles, scattered along the angular edges 

of the lacinize, and indistinguishable from nascent apothecia, unless by microscopical 
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examination. The spermatia and sterigmata are among the largest and most 

distinct I have seen. Both are somewhat hazy or granular, and the basal por- 

tions of the sterigmata are brown. The bases of the latter are very closely agglo- 

merated, and merge into the brown, dense, cellular tissue of the envelope. The 

sterigmata are simple cells, elongated, having a very irregular outline, coming off 

subdigitately from basal tubes. 

Specimen 3.—Rocky Mountains, DrummMonp; north-west coast of America, 

Doveras; in Hookerian Herb., Kew. The spermogones extend a considerable dis- 

tance down the lacinize. They are wholly immersed, and exhibit on the surface 

only their small, black, papilleeform ostioles. The spermatia are about jth long, 

with a breadth of sath. The sterigmata are about yath long, and consist of 
a few delicate, linear, irregular cells or articulations. 

Specimen 4.—ScH&RER exs., No. 390 (sub Parmelia); on firs in the Alps; on 
right-hand specimen in my copy (ed. alt. immut., 1840). The spermatia are about 
sath long; the sterigmata either linear, single cells, or of a few articulations; about 

noth to ith long. 

Specimen 5.—Germany ; in Herbarium Bot. Soc. Edin. The spermogones are 

abundant as greenish or greenish-brown tubercles, with a black tip. The sper- 

matia are about sth to uth long. The sterigmata are as described in No. 4. 

FAMILY II. RaMAuinez. 

GENUS I. RAMALINA, Ach., Fr. 

As a general rule, the spermogones of this genus resemble those of Usnea. 
They are irregular tubercles of the same colour as the thallus, sometimes isolated, 

but more frequently confluent, scattered over the lacinize, especially about their 
extremities. Spermogonal warts are the cause of the very rugose, deformed 
character of the lacinize in several species ; for instance, in R&. scopulorum and R. 
polymorpha, in dwarf specimens of which they are especially abundant. The 
ostiole is generally pale and inconspicuous; under moisture it is usually semi- 

translucent, and more easily recognisable. It is sometimes, more generally in 
foreign than British species and specimens, black-punctate, and then it is com- 
paratively distinct and easily seen on the pale green thallus. Where the lacinize 
are round or filiform, the spermogones are scattered over the whole surface; where 
they are flattened, as in the ampliata form of var. fraxinea, they are sometimes 

confined to the rugee, with which the thallus is frequently marked. The size 
of the spermogones varies greatly; their diameter generally ranges from =th to 
mth. In R.calicaris, var. frazinea, it is sth to mth; in R. scopulorum ith to ath. 
The envelope is either of a pale brown or green, or it is colourless; its component 

tissue is cellular, and similar to that of the cortical layer of the thallus. The cavity 

is simple or compound, and divided into sinuosities or compartments; the latter 
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apparently in the case of confluent spermogones. The internal tissue is white, 

horny, and dense, as contrasted with the loose, white, medullary tissue in which 

they are imbedded. The sterigmata are very delicate, short, linear cells, some- 

times ramose at the base, of equal width with the spermatia, which are given off as 

terminal cells. Sometimes, though rarely, they appear to be subarticulate, several 

long, linear, delicate cells coming off from a central, principal, or trunk cell near 

its base. Their length varies from ;th to guth, frequently averaging ;jath. As- 
sociated or intermixed with the ordinary sterigmata are numerous elongated, 

ramose, very delicate filaments, which fill up the cavity of the spermogone, and 

occur so constantly as to constitute a characteristic feature of the spermogones of 

this genus. NyLANDER regards these anastomosing filaments as a point of dis- 

tinction between this genus and Dujourea. The spermatia are short and oblong ; 

sometimes, though rarely, ellipsoid. Their breadth is about south; their length 

varies from ;,th to ziath, averaging about zth. 
In R. ceruchis, a species from central America, the spermogones differ some- 

what from those of the British Ramalinee. They are here black, cone-like bodies, 

either directly seated on the thallus, or placed on thalline warts or tubercles. 

The difference, however, is more apparent than real; and, altogether, this is an 

exceptional or anomalous species. It is only the ostioles which are black and 

papilleeform, and the envelope of a deep indigo blue colour; the whole internal 

structure is that of the spermogones of British species of Ramalina. There is a 

remarkable uniformity in regard to the structure or contents of the spermogones 

of this genus,—a circumstance which, taken along with the uniformity in character 

of the spores, leads me to suggest that all our British species, at least, of Ramalina, 

should be associated in a single species,—call it by what name we may. 

Species 1. R. calicaris, Fr. 

A cosmopolite, which has been found in some of its numerous varieties or 
forms equally in Europe, Africa, America, Asia, and Australia. 

Specimen 1.—Var. fraxinea, Fr. Broad form of laciniz (form ampliata of 

authors). On trees, Glen Cluny, Braemar, August 1856, W. L. L.; no apothecia. 

Laciniz marked by prominent, decussating rugee or plicee. On these the spermo- 

gones occur generally in closely aggregated, irregular groups, and most abundant 

about the extremities of the laciniz. The ostioles are generally of the same colour 

as the thallus ; sometimes of a darker green, but never very conspicuous. The sper- 

matia are about sath long; the hypertrophied ramose filaments are abundantly 

intermixed with the ordinary sterigmata. The apices of the latter generally bulge 

somewhat, resembling, in this character, the paraphyses of most lichens. 

Specimen 2.—Sub Alectoria tuberculata, Tayl., in Hookerian Herb., Kew; Peru, 

on trees in arid situations; Monte Christo, Columbia. This lichen has broadish, 
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flattened lacinia, and is apparently referrible to the same variety as No.1. The 

surface is abundantly warted over with both spermogonal and soredic tubercles ; 

hence, probably, the source of the name given it by Taytor. 

Specimen 3.—Hepp. exs. 167, var. ampliata ; in fruit; on old fruit-trees. The 

smallest and lowest specimen in my copy has spermogones, scattered over the 

edges and towards the ends of the laciniz, as yellowish tubercles. The envelope 
is of a pale brown, or colourless. 

Specimen 4.—Teneriffe ; in Hookerian Herb., Kew. The segments of the thallus 

are linear or narrow, but flat. The margins are roughened or warted over with 

spermogonal warts, whose ostioles are either pale or black-punctate. In the latter 

case they are easily discoverable. The spermatia are about azwth long; the ste- 

rigmata jgqth. The greater frequency of the black-punctate condition of the 

ostiole in foreign, than in British specimens, is one great reason why the spermo- 

cones of the former are generally more easily recognised. 

Specimen 5.—Philippine Islands, Cumine; in Hookerian Herb., Kew; sterile 

segments of thallus linear and flat. The spermogones are marked by a central 

brown pore or ostiole; they are scattered over the surface of the lacinize about 

their tips; they are here easily discoverable under the lens. The spermatia are 

about z;th long; the sterigmata ;;th to jth. 
Specimen 6.—Sub Lichen calicaris, Linn., in Herbarium Linneei, preserved in 

the Library of the Linnzan Society of London. ‘The thallus is dotted abundantly 
over with spermogones, the ostioles of which are minute black dots or points. 

Specimen 7.—Forfarshire ; T. Drummonp, in Hookerian Herb., Kew; a form 

passing into &. scopulorum. The thallus is very dark, and is covered with sper- 

mogones. In &. calicaris, the cellular capsule or envelope of the spermogone is 

generally about goth thick. 

SPECIES 2. &. scopulorum, Ach., 

Which is nearly as widely distributed over the world as &. calicaris, being found 

in Europe, Africa, Asia, and Australia. 

Specimen 1.—Isle of Bute ; in Hookerian Herb., Kew; a small, delicate form, 

with round filiform segments. ‘These are abundantly warted over, especially 

near their tips, with spermogones, having black-punctate ostioles. Hence these 

organs are here easily recognisable on the pale lemon-yellow thallus. The size 

and form of the spermogones vary greatly. The sterigmata are about jth long, 

and sub-ramose at base; the spermatia sub-ellipsoid, about sath long, with a 

breadth of ssoth. 
Specimen 2.—Rocks on the sea-coast, between Burntisland and Aberdour, Fife ; 

collected May 1856, by Dr Murray Linpsay. Spermogones are abundantly scat- 

tered over the exceedingly deformed, rigid, dark-coloured segments of the thallus, as 
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very irregular warts, paler than the thallus, generally flattened on their surface; 

having an ostiole concolorous with the thallus, or paler, never black. 

Specimen 3.—Kinnoull Hill, Perth; rocks on summit, overlooking the Tay, 

W.L.L. A small, rigid, dwarf, dark-coloured form, as in No. 2. Some speci- 

mens are quite free from spermogones, others have them in abundance, as 

in No. 2. 

Specimen 4.—Lricuton’s exs., No.2. Engl. Bot. 688; on rocks, South Stacks, 

Holyhead, Anglesea; sterile. Spermogones are abundant in both specimens in 

my copy ; large and small forms of thallus. They are generally confluent, and very 

irregular in form; occasionally having a blackish ostiole. The spermatia are 

about zuth long, and sterigmata about ath. Many of the latter are really ramose, 
giving off linear elongated branches or cells near their base. The hypertrophied 

anastomosing filaments are very abundant and distinct in the right-hand specimen 

in my copy. 

Specimen 5.—Forfarshire, T. Drummonp; in Hookerian Herb., Kew (sub nom. 

R. fraxinea var. fastigiata). Segments very much warted over with spermo- 

gones, having black ostioles. 

Specimen 6.—Miss Hurcuins; apparently from Ireland; in Hookerian Herb., 

Kew. Spermogones abundant, but pale and inconspicuous. The thallus here is 

terebrate, or pierced by foramina, and marked by lacunee. [ have noticed this 

condition in many other British specimens of this species, so that it can scarcely 

be regarded as a good specific character,—as in Taytor’s &. terebrata. In another 

specimen, also from Miss Hurcuins, in the same Herbarium, the ostioles of the 

spermogones are black-punctate. 

Specimen 7.—Rocks, Scilly Islands, pion in Hookerian Herb., Kew. Flat 

linear segments, showing a transition to &. calicaris. ‘These are dotted over with 

spermogones, which, from having black-punctate ostioles, are easily seen. 

Specimen 8.—Probably from the coast of Appin, Argyleshire, CARMICHAEL; in 

Hookerian Herb., Kew. Spermogones abundant, and with black ostioles. They 

are pale and inconspicuous in other specimens marked from the Hebrides. 

Specimen 9.—Lundie Crags, about ten miles from the sea (near Dundee), 

GaRDINER, 1844; in Hookerian Herb., Kew. The thallus is of a very dark green, 

almost black; the spermogones pale. 

Specimen 10.—GREVE DE Leca., Jersey, 1851; in Hookerian Herb., Kew. The 

thallus is of a pale lemon-yellow, probably the result of age and desiccation. The 

tips and bases of the segments of the thallus are black, while the thallus is studded 

over with patches of black. The spermogones are abundant, with largish black 

ostioles, occasionally resembling somewhat the spermogones of Newropogon melax- 

anthus. 

Specimen 11.—Teneriffe, rocks near the Mesa de Mota, 1849; Bourcrav PI. 

Caner., No. 351. Spermogones abundant, and with black osticles. 
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Specimen 12.—St. Vincent, point of Mount Veredi, 2500 feet high; and Cape 

de Verde; Vogrt. Segments flat, and of a very dark brownish-red colour. The 

margins of the lacinize are fringed with spermogonal warts. Nos. 11 and 12 are 

in the Hookerian Herb., Kew. 

Specimen 13.—Rocks on the Island of Potoo, China, 1856, Fortuns. In fruit, 

spermogones abundant, pale. 

Specimen 14.—WELWITZSCH exS., 36, on granite rocks; 37, 8. b. Cabo da Rocca, 

Estremadura; 38. y. Cabo da Rocca,—all in Portugal. Both sterile and fertile 

segments are warted over with spermogones, having black ostioles. This and No. 

13 are in the Hookerian Herb., Kew. 

Specimen 15.—ScH#RER exs., 554; maritime rocks, shores of the Atlantic ; 

Petvet. The spermogones are abundant, flattish, very variable as to size, and 

marked by a pale ostiole, which is only visible on close examination. The sper- 

matia are gath long; the sterigmata sath to ath. 
Specimen 16.—ScH2ZRER exs., 603 (sub var. humilis); rocks on coast of Cor- 

sica; Requien; in fruit. This seems merely a maritime form of fastigiata var. 

of &. calicaris. The spermogones are abundant about the ends of the thalline seg- 

ments; they are elongated, irregular in form, and marked by a pale gray or 

greenish ostiole. 

In R. scopulorum, it will be observed that the spermogonal ostiole is more 

frequently black than in &. calicaris. It may sometimes be confounded with a 

small, black, punctiform Spheria, whose perithecia are occasionally scattered over 

the surface of the thallus. Thesubarticulate sterigmata, which occur occasionally, 

resemble those of Cladonia, except that they are distinctly composed of several 

cells, instead of being a single ramose one. This is perhaps the best species in 

which to study the spermogones of Ramalina. So abundant are these bodies on 

it, and so constantly do they occur, that I regard this species mainly as a spermo- 

goniferous maritime form of &. calicaris. 

SPEcIES 3. R. polymorpha, Ach., 

Which occurs in Africa, as well as in Europe. Ido not know on what principle 

this is separated as a species from &. scopulorum. I regard it simply as a dwarf, 

deformed, spermogoniferous state, and referrible to 2. calicaris. Its spermogones 

are precisely those of A. calicaris and BR. scopulorum. 

Specimen 1.—LerrcuHtTon exs., No. 73; on Whitestone Cliff, near Thirsk, York- 

shire. The thallus is dwarfed, deformed, and of a very dark colour; the seg- 

ments are thick, and are abundantly warted over with the spermogones of AR. 

scopulorum. The hypertrophied, ramose, sterile filaments are here abundant 

and distinct,—more so generally in this species and in &. scopulorum than in R. 

calicaris 
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Specimen 2.—WeEtwirzscu exs., No. 39; Cabo da Rocca, Estremadura, Por- 

tugal; in Hookerian Herb., Kew. Fruit (that of fastigzata var. of R. calicaris), 

abundant. This I refer to the fasiigiata section of R. calicaris ; it is simply, as 

in No. 1, a dwarf deformed state, abundantly warted over with spermogones. 

Speciss 4. &. terebrata, Taylor. 

This I do not regard as a separate species, but would refer it, as a variety, to 

R. calicaris. 

Specimen 1.—Falkland Islands; Antarctic Expedition, 1839-43 ; Dr Hooker. 

Its spermogones externally, as well as their spermatia and sterigmata, are those 

of &. calicaris. Thespermogones are scattered about the ends of the narrow flat 

laciniz: they are sparingly distributed, and are small, flattened, distinct tubercles, 

having no visible ostiole. The spermatia are almost atomic as to size, about 

jswth long, and oblong. The elongated anastomosing filaments are so abundant as 

almost to hide the ordinary short spermatiferous ones. The spermogonal envelope 

is of a pale greenish-brown colour. 

Species 5. R. homalea, Ach., 

Which grows in Australia and California. 

Specimen 1.—California; in Hookerian Herb., Kew. The segments of the 

thallus are flattish, resembling those of Roccella fuciformis somewhat. The sper- 

mogones are scattered, chiefly on the edges of these lacinize, and towards their 

tips, as black, punctiform, immersed bodies. ‘They frequently become confluent, 

and, in old age, are sometimes very large, irregular, and maculiform. 

SpecrEs 6. &. ceruchis, Ach. 

(Syn. Desmazieria, Mont. ; Usnea, Mont. ; Borrera, Ach.). 

Specimen 1.—Chili, Cumine ; in Hookerian Herb., Kew. The segments of the 

thallus are dotted over with large, black, roundish bodies, seated either directly 

on the thallus, or placed on thalline warts or tubercles; they are frequently 

confluent, and are then very irregular in form. The body of the spermogone is 

wholly immersed. ‘The envelope is of a deep indigo-blue. The spermatia are 

about znth long, with a breadth of smth; the sterigmata about yath long. The 
cortical layer of the thallus is frequently eroded at irregular intervals, the 

white medullary tissue being thereby exposed. This gives rise to an appearance 

somewhat similar to that possessed by var. ariiculata of Usnea barbata, in which 

the central, white, medullary thread is exposed by decortication, at intervals, of 

the thalline filaments or ramules. When this erosion occurs, the spermogone re- 

mains intact, and it then appears as a prominent, large, black papilla, contrasting 

well with the white medullary tissue which surrounds it. This plant also bears 
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some resemblance, in its general aspect, to Neuwropogon melaxanthus. < Lying 

without adhesion,” says TwrEpIE, apparently, of this curious lichen (in Herb. 

Hook.), “ on laxe sands at Iquique, Peru, 2-3000 feet, where clouds often hang. 

Tint to sand green from adistance. One other minute yellow lichen on old bones, 

and a cactus on lofty rocks on the coast. No other plant on coast for 14 leagues 

inward, and then three only on the west mountains!” 

Specimen 2.—Var. gracilior, Nyl. (Syn. Usnea tumidula, Nyl.); Coquimbo, 

Cuminc; in Herb. Hooker, Kew. Its segments are round, narrow, and fili- 

form, and the whole plant has the aspect of &. calicaris, var. canaliculata, Fr., 

or of &. linearis. The spermogones are large, black, round superficial bodies, 

sparingly scattered about the ends of the ramules. This specimen also bear 

apothecia. 

GENUS II. Durourga, Ach., Nyl. 

In this genus the spermogones are minute, black, punctiform, immersed, 

scattered about the angles of the erect thallus. The black points indicate the 

ostioles, which lead to the immersed body of the organ ; they vary greatly in size, 

and are generally flattish, though sometimes papilleform. The spermogones, ex- 

ternally, closely resemble those of Roccella. As in Ramalina, the sterigmata are 

short, simple, linear cells; but they are much more irregular in outline, and are 

generally of greater diameter; they are generally similarly sub-ramose at base. 

Their length varies from xath to sath long. But, unlike Ramalina, there are no 

elongated, anastomosing, sterile filaments intermixed. The spermatia also differ 

remarkably from those of Ramalina. They are linear, long, and slender, about 

sooth long, andslightly curved. 

Species 1. D. madreporiformis, Ach. 

Specimen 1.—Switzerland; in Herb. Hooker, Kew. The angles about the ends 

of the ramules are dotted over with the minute black points which mark the 

ostioles, and which become brown when moistened. The spermatia are about 

sooth long, with a breadth of ;;;ath; they are very slender and beautiful, straight, 

or more generally slightly curved. The sterigmata are irregular dilatations of 

simple cells, or digitate prolongations of basal tubes. Sometimes, though rarely, 

they are composed of two or more simple irregular cells or articulations. In 

general they resemble those of Lecanora subfusca. 

Specimen 2.—ScHLEIcHER exs., No. 67, 1814 (sub Lichen madreporiformis, 

Wutrr. Hatu., No. 1962); on top of Mount Letscherberg; in Herb. Hooker, Kew. 

The spermogones occupy the position they do in Sphwrophoron compressum, than 

whose spermogones, however, they are larger and not so crowded. They are 

generally scattered in groups of two or three together, near, but not on, the apices 

of the segments of the thallus. There are no spermogones in the specimen in 

Scu#RER’s exs. in Herb. Hooker. I have not met with apothecia on any speci- 



OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEOUS LICHENS. 133 

mens I have examined. The sterigmata vary greatly in length, being sometimes 

not above ;.th to auth long, and at other times sath to sath. 

Specimen 3.—ScH#ERER exs., 85 (sub Cladonia); on the ground on calcareous 

alpine heights. Intermixed with the spermogones, as above described, are 

numerous black, superficial, easily removable, conical minute bedies, which appear 

to be the pyecnides of a fungus. They contain small, ellipsoid, or oval stylospores, 

on longish, linear, irregular delicate sterigmata. 

GENUS Ill. Dacryzina, Wyl. 

The spermogones resemble those of Dufourca in being black, punctiform, and 

immersed, scattered about the tips and along the sides of the erect podetia-like 

expansions of the thallus. The spermatia, however, are chiefly straight, linear, 

and smaller—about auth long; and the sterigmata, though generally simple, are 

sometimes composed of a few articulations. 

Species 1. D. arctica, Hook. 

(Syn. Dufourea of older authors.) 

Specimen 1.—FRANKLIN’S first voyage; in Herb. Hooker, Kew; sterile. The 

plant consists of very large podetia, coming off like fingers from a horizontal 

branch or stem. The spermogones are scattered about the apices of these erect, 

digitate offshoots of the horizontal thallus, as well as along their sides, generally 

in groups of a dozen, or more. They are wholly immersed, and their presence is 

indicated by very minute black points. They occur equally on sterile and fertile 

podetia. The spermatia arerod-shaped, about jnth long, with a breadth of sath. 

The sterigmata are frequently about eat long, and are either simple linear cells, 

variously bulging in their walls, or composed of two or three linear elongated 

cells or articulations. 

Specimen 2.—Rocky Mountains, America ; Cape Ross ; Melville Island, Captain 

Parry; Koby Sound, Bercury; in Herb. Hooker, Kew. Spermogones occur on 

all these specimens, especially on those with a smooth thallus, for in some the 

thallus is much wrinkled and lacunose, apparently from desiccation in an arid 

habitat. 

GENUS IV.—ALEcToRIA, Ach., pro parte, Vy. 

The most common and familiar species of this genus, A.jubata,is interesting, in- 

asmuch as, like Pelizgera, it possesses pycnides instead of,—perhaps in addition to,— 

spermogones. I have never met with the latter, whereas I have several times found 

the former occupying the position, and having the outward semblance, of the latter. 

These bodie sare spherical or fusiform warts or dilatations, generally seated at 

the junction of several thalline filaments or branches. They are large and con- 

spicuous when they occur at all, which is rare, and are apt to be mistaken for 
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apothecia. The sterigmata are linear, simple, ramose at the base, as in Ramalina, 

and about jth to path long. Each gives off from its apex an oval or pyriform 

stylospore, irregular in shape, and closely resembling similar corpuscles in the 

pycnides of Peltigera. They vary in length from zsth to smth, their breadth 

being frequently so small as ya0th. 
In other species, spermogones of the ordinary characters occur. In A. lata they 

are minute, black, flattish tubercles or warts, scattered along the edges and about 

the ends of the delicate filiform ramuscles of the thallus. The spermatia are 

straight, linear, and very small, their length being about jauth, their breadth 

sooth. The sterigmata are also linear, short, and simple, of equal width with 

the spermatia, which appear as terminal cells, having a length of about sath to 

sath. In A. Taylort the spermogones are quite of a different character, and 

assimilate those of Newropogon. They constitute fusiform irregular swellings of 

the black apices of the ultimate ramuscles of the thallus, which swellings are 

studded over with numerous minute perforations or ostioles. Their cavity is 

generally compound or sinuous, a result of the confiuence of many spermogones. 

The spermatia and sterigmata are similar to those of Usnea and Neuropogon, 

though considerably larger and more distinct than those of the former genus. 

NYLANDER describes the spermatia of Alectoria as slightly thickened at both ends, 

or slightly constricted or thinner in the middle. This I have not specially observed. 

Species l. A. jubata, Ach., 

Which is widely distributed over the world, occurring in Europe, America, and 

Asia. 

Specimen 1.—ScH=ReEr exs., No. 496 (sub Parmelia jubata § cana); on trunks 

of firs, Mount Gurnigel. Spermogonal warts are abundant at the angles 

and junctions of the thalline filaments. The form and size of the contained cor- 

puscles, which I venture to call stylospores, are so irregular and variable, that 

they have the aspect rather of the bodies just named as they occur in Lecidea 

Smithii, L.Walrothu, Peltigera, and in other lichens, than of true spermatia, while 

the conceptacles in which they occur have rather the external aspect of spermo- 

gones than of pycnides. In many of the stylospores there is a dark spot like a 

nucleus, which is probably a rudimentary septum, a phenomenon which is never 

observed to occur in true spermatia. The spermogonal warts here are abundant, 

black on the surface, irregular in outline, and generally flattened. 

Specimen 2.—ScHERER exs. 392, associated with Lvernia divaricata, Ach. ; on 

the trunks of trees in alpine woods, Switzerland. The spermogonal warts are 

precisely as above described. The stylospores are oval or pyriform, about ath 

to swth long, with a breadth of about is;th, of minute size, therefore, compared 

with those of Peliigera. The sterigmata are linear, plaples ramose at base, as in 

Ramalina, with a length of about zath to guth. 
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Species 2, A. lata, Tayl. Nyl. 

Syn. Cornicularia, Tay. 

Specimen 1.—Mexico; in Herb. Hooker, Kew. ‘The plant has the aspect of A. 

ochroleuca. The spermogones are plentiful, and easily seen. They are small, 

brown, flattish tubercles or warts, varying in size, scattered about the edges and 

towards the tips of the delicate, filiform, thalline ramuscles. Their bodies are 

immersed in the thallus, and from the fact of the latter being semi-translucent, 

the depth of their immersion can be readily seen. The spermatia and sterigmata 

are as I have already described, and resemble those of Ramalina. 

Species 3. A. Taylori, Hook. 

Speciinen 1.—Kerguelen’s Land; Antarctic Expedition, 1839-48; Dr Hooker. 

In its spermogones, as in its thallus or general aspect, this plant resembles 

Neuropogon, as already described. The spermatia are delicate needles, about xath 

long, resembling those of Parmelia tiliacea, P. physodes, and other Parmelie. The 

sterigmata also resemble those of P. tiliacea in being composed of a few delicate 

linear cells or articulations; others are, however, simple cells, sub-ramose at base. 

The spermatia and sterigmata are among the most beautiful with which I am 

acquainted. <A parasitic punctiform Lecidea, which is apt to be mistaken for sper- 

mogones, occurs on the smooth and thicker part of the thalline ramules. I am 

not aware that it has hitherto been noticed or described, and I therefore propose 

for it the, at least provisional, name of Lecidea alectorie, in reference to its habitat. 

It occurs also, however, on Nephromium cellulosum, Ach. It consists of minute 

round black points, sparingly scattered, flat or depressed, never papillate; they are 

wholly immersed in the thallus of the A/ectoria, and having no thallus of their 

own, the apothecia may be said to constitute the plant. They resemble, in exter- 

nal aspect, the Lecidea vermicularia, which is parasitic under similar circumstances 

on Thamnolia vermicularis, but from which it differs in the characters of the spore, 

which is three-septate, and oval or ellipsoid. The thecz are like those of L. vermicu- 

laria, being obovate and sac-like, irregularly and suddenly bulging, and not tapering 

gradually into a pedicel below as in the majority of thecee. There are no distinct 

paraphyses. This parasite occurs also on the back or lower surface of the 

apothecia of A. Taylori. The spores of A. Taylori are those of our British Usnea 

barbata, and to the genus Usnea, in which it was formerly placed, I am inclined 

to refer it along with the allied Newropogon melaxanthus. 

GENUS V. Evernta, Ach. Nyl. 

The spermogones of this genus are usually punctiform and immersed, of a 

black or brown colour, scattered about the ends of the laciniz on their flat sur- 
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face, or on their angular edges. They resemble those of many of the Parmelie, 

but are generally smaller. Sometimes they are more superficial or prominent, 

constituting wartlets or tubercles. Occasionally they are seated on wart-like 

or papillar elevations of the thallus, or they are surrounded by an inconspicuous 

thalline ring, giving them a pseudo-papillate character. They are marginal in 

E. Richardsoni, to the lobes or laciniz of which they give a denticulate or ni- 

erociliate character, as in Platysma nivale. Occasionally also they occur on tooth- 

like prolongations from the margin of the lacinize, in which event they resemble 

the spermogones of Cetraria islandica. The spermatia are straight, linear, rod- 

shaped, and small, varying from auth to sth, averaging anth to xmth. The 

sterigmata are ramose, and consist of a few delicate linear cells or articulations ; 

they vary in length from 7th to uth. Associated with them occasionally are 
ramose, elongated, sterile filaments, like those of Ramalina. 

Species 1. L. furfuracea, Mann., 

Which is very widely distributed over the world, occurring in Europe, Africa, 
Asia, and America. 

(Syn. Borrera, Ach.; Physcia, Scher. En. 10; Parmelia, Scheer.) 

Specimen 1.—Ingleborough, Yorkshire. 1855; coll. by Dr Driauron. The 

spermogones are the minute black points or spots scattered over the smopeh, 
light-gray ends of the lacinize ; the spermatia are very small, only about —. xa long. 

Specimen 2.—SCHARER exS., 387 (sub Parmelia); on trunks of trees in alpine 

woods. ‘The spermogones are to be found, as in No. 1, only on the smooth tips 

of the laciniz ; on the furfuraceous ones none can generally be discovered. The 

extreme points of the lacinize are generally of a deep brown colour, and are apt 
to be mistaken for spermogones, like those of the genus Cladonia. The spermatia 
are about ;4,th long; the sterigmata are very irregular, articulated, about samta.to 

s,;th long. The elongated, anastomosing, sterile filaments resemble those of 

Parmelia physodes, or Ramalina. 

Specimen 3.—Near Vera Cruz, Mexico; Peak of Orizaba, 11,000 feet high, 1838 : 

coll. by J. Linpen, No. 98; in Herb. Hooker, Kew. The spermogones are black 

or deep brown points, closely resembling those of Parmelia physodes. The sper- 

matia are about z,th long, with a breadth of 7th, and are delicate needles. 

The sterigmata are about = th to th long, and consist of a few linear articula- 

tions, as in P. physodes. 

Specimen 4.—Peak of Orizaba, Mexico; on oaks and pines, at 9000 to 10,000 

feet; coll. H. Gatzorrz, 1840; in Herb. Hooker, Kew. The spermogones are 

brown points, sometimes on wart-like elevations of the thallus, or surrounded by 

a small thalline ring, which gives the appearance of a papilla. 
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Species 2. EH. prunastri, Ach., 

Which is less widely distributed than 4. furfuracea; but which, nevertheless, 

occurs in Europe, Africa, and America. 

Specimen 1.—On North Berwick Law, near Edinburgh, August 1855; W. L. L. 

Its spermogones precisely resemble those of the preceding species, being black 

or brown points, abundantly scattered over the lacinize towards their tips. Their 

bodies are wholly immersed, with a simple cavity. Here the spermogones are 

apparently old, as they contain no free spermatia. KorBer describes a minute 

parasitic Spheria as occasionally occurring on the thallus, and which is apt to 

be confounded with or mistaken for the spermogones. 

Sprcies 3. E. Richardsoni, Hook. 

(Sub Cetraria.) 

Specimen 1.—Polar Seas; Drasr and Simpson, Fort Enterprise; in Herb. Hooker, 

Kew. Spermogones abound along the margins of the laciniz as minute brown 

tubercles, giving them a denticulate or nigro-ciliate character, as in Platysma 

nivale. When seated on small tubercles, spines, or cilia, which project from the 

margins of the laciniz, as is sometimes the case, they closely resemble the sper- 

mogones of Cetraria islandica. They are very variable as to size. No free sper- 

matia are found in any of them; they are apparently either old or degenerate. 

The character of the spermogones is, { think, at least one strong reason for asso- 

ciating this plant with Cetraria rather than LHvernia; and I therefore am of 

opinion that NYLANDER has erred in altering Hookrr’s arrangement. 

Species 4. H. Ashneh (t). 

(Syn. Borrera.) 

Specimen 1.—Saharunpore, 1850; Dr Jameson, in Herb. Royal Botanic Garden, 

Edinburgh. The name and place in classification of this plant do not appear to 

have been yet determined. From its general aspect,—its apothecia and its sper- 

mogones,—I am inclined to place it under this genus, beside Z. prunastri and E. 

JSurfuracea. The apothecia resemble those of £. prunastri, and arescattered about 

the ends and over the surface of the laciniz. Its spermogones are punctiform, 

immersed, deep brown, scattered especially about the tips of the lacinie. 

FAMILY [il. Roccrentez. 

GENUS I. Roccsrtua, Bauh. 

The spermogones are generally in the form of minute black points, scattered 

more or less abundantly over the flattened or round segments of the thallus. The 

black points in question are the ostioles, the bodies of the organs being wholly 
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immersed in the thallus. These punctiform ostioles are usually flat on the sur- 

face, sometimes depressed, seldom papilleeform. Sometimes they are surrounded 

with a pale ring or collar of the thallus, and then they assume a pseudo-papill- 

form aspect. In this case they may resemble the nascent apothecia. The sper- 

mogones are frequently confluent, sometimes becoming very irregular, even macu- 

liform. When spermogones do occur, they are usually very distinct, and easily 

recognised, from the contrast of their black colour with the pale reddish-yellow 

or buff colour of the thallus. In some cases they are most abundant towards 

the tips of the ramules; at other times they are scattered over the whole surface, 

or nearly from base to apex,—usually, however, of sterile ramules. Their cavity 

is simple. Their size varies considerably, their diameter being, in /?. tinctoria, 

jth to 4th, and in R. Montagnei th to 4th. The spermatia are linear, deli- 

cate, generally curved more or less, but sometimes also straight and rod-shaped : 

in both cases they are obtuse at the ends, and of equal thickness throughout. 

Their length varies from ,+,th to ,..th, averaging about jth, with a breadth of 

from ,z;th to ,.5,th. The sterigmata are linear, simple, delicate cells, ramose at 

the base, as in Ramalina, and sometimes of equal width with the spermatia. 

They vary in length from 4th to + th, with a breadth of from |,+th to “th. 1500 3000 10,000 20,000 

SpEcIES 1. AR. tinctoria, Ach., 

Which has the widest geographical range of any species of this genus, occurring 

alike in Europe, Africa, America, and Asia. 

Specimen 1.—St Ouen’s Bay, Jersey, 1851; in Herb. Hooker, Kew. The 

plant appears to me rather referrible to &. phycopsis. The tips of the lacinize are 

frequently dotted over with brown punctiform spermogones. 

Specimen 2.—Mauritius ; Cape of Good Hope, 1822, Dr THom; both in Herb. 

Hooker, Kew. In both cases the spermogones are abundant as brown points. 

Specimen 3.—“ Lima thickest Orchella weed,” imported from the west coast of 

South America into London and Liverpool for the British Orchill manufacture ; 

given me by Messrs Bensamin Smit and Son, Orchill manufacturers, ! London, 

1851. The spermogones are sparingly scattered in groups over the laciniz, and 

among the warts bearing the apothecia, in the form of minute, round, black. 

chiefly depressed points, resembling in external aspect the spermogones of Parmelia 

tiliacea or P. physodes. In some specimens, instead of being depressed or 

flat, the ostioles are papilleeform or wart-like. They are then larger, rough on the 

surface, perched on thalline papille, isolated, or grouped two or three together 

on a large, distinct, thalline wart. The segments of the thallus are sometimes 

roughened over with these spermogonal warts. Sometimes the ostioles become 

confluent, and assume various irregular forms, especially stellate or lirelleeform 

appearances. In this case they are apt to be confounded with warts bearing 
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apothecia, which frequently assume similar appearances. The microscopic struc- 

ture at once distinguishes them. These warts, both spermogonal and apothecial, 

are frequently pruinose, or covered by a fine dust, derived from the surface of 

the thallus, which pruina obscures their naturally black surface. Sometimes the 

black ostiole is sunk in the thalline wart, which forms a pale, sub-prominent mar- 

gin around it. But more generally, as I have already mentioned, it is flattened 

or convex. The spermatia in all the different forms of spermogone just described 

are very beautiful and delicate, about ;4,th to ,4,th long, and curved or twisted 

like those of the subfusca group of Lecanoras. They are borne on the apices of 

linear delicate sterigmata, which are sub-ramose at the base, and are closely 

ageregated. The form of the immersed body of the spermogone is spherical, its 

cavity simple, and. the internal tissue, though originally white, becomes brown 

with age. 

SPECIES 2. R. fuciformis, Ach., 

Which, though not quite so extensively distributed as the preceding species, yet 

occurs in Europe, Africa, and America. 

Specimen 1.—ScH&RER, exs., 553; maritime rocks, shores of the Atlantic ; 

Pe.ver. One large segment of the thallus is studded over with prominent, irre- 

gular, black tubercles, which are old spermogones, containing no free spermatia. 

Specimen 2.—\Imported from Lisbon into Liverpool under the name of “ Chicken- 

weed,” for the British Orchill manufacture; sent by Rev. W. A. Lercuton, April 

1856. The spermogones are sparingly scattered towards the extremities of the 

lacinize, as largish, black, distinct points. The spermatia and sterigmata differ 

considerably from those which occur in the spermogones of African specimens. 

The former are oblong or rod-shaped, very minute, resembling those of Ramalina, 

being about ~ th to — th long; the sterigmata also being like those of Ramalina. 
6500 5000 

Specimen 3.—Imported for the British Orchill manufacture, probably from the 

west coast of Africa; used in the manufacture of Orchill, under the name of “ mixed 

Orchella weeds,” by Messrs Ropinson, Huddersfield. Many of the specimens, 

at least, are corticolous, for they are found with small portions of the twigs of 

trees or bushes attached. The spermogones are abundantly scattered over the 

laciniz as minute, round, brown points. These points or ostioles sometimes are 

surrounded by a pale thalline ring or margin, and they then somewhat resemble 

young apothecia. The spermatia are generally sickle-like or curved, not twisted 

or vermiform, about ,;th long. The sterigmata are longish, linear, simple, deli- 

cate. In some specimens, in abundant fructification, the spermogones are unusu- 

ally large and distinct, scattered among the apothecia. The spermatia are rod- 

shaped or straight, about .,th long. The sterigmataare short and sub-ramose at 

base. Occasionally the apothecia are dotted over with black, punctiform, de- 

pressed spermogones; they are rendered distinct, when they occur, from con- 
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trast with the white-pruinose disk of the apothecia. These spermogones have the 

usual characters of such as ordinarily occur on the thallus. The spermatia are 

small and curved, about th long, generated on the apex of simple or sub- 

simple short sterigmata. Hence it would appear, that in different specimens of 

the same species, apparently from the same locality or habitat, the spermatia 

and sterigmata differ considerably in character. This, however, is a phenomenon 

we constantly meet with in lichens. On some of the twigs on which the Roccella 

grows, I also find associated with the degenerate lirellee of a Graphis, resembling 

Graphis scripta, a number of small, round, black spermogones, apparently be- 

longing thereto. The spermatia are curved, like those of the Roccella, about 7,th 
long, and borne on the apex of short, linear, simple sterigmata. 

SpPecIES 3. LR. Montagnei, Bel. 

Occurs in equinoctial Africa, India, and Java. This and the following species 

are intermediate, in regard to the characters of the thallus, between R. tinctoria 

and &. fuciformis. 

The spermogones are quite those of the species just named. Indeed there is 

considerable uniformity in the species of Roccella, in regard, at least, to the ex- 

ternal character of the spermogones. Here they are scattered either on the 

general surface, and especially towards the tips of the lacinize, or on the angles of 

the laciniz, when these exist. 

Specimen 1.—Aden, on twigs and rocks; top of Dhemsen Mountain, 1700 

feet high, 1847; Dr Hooker, in Herb. Hooker, Kew. Some specimens closely 

resemble, in the characters of the thallus, the genus Ramalina, in which it has 

been inadvertently placed in the Hookerian Herbarium. 

Specimen 2.—Madras, plentiful on the trunks of the Mangifera indica; ex. 

Herb. Montagne; in Herb. Hooker, Kew. Old spermogones, with lacerate-fis- 

sured black ostioles, are scattered about the ends of the lacinie. 

Specimen 3.—Java, Lobb; in Herb. Hooker, Kew. The sorediiferous tips of 

the segments of the thallus are dotted over with punctiform spermogones, having 
quite the characters of those of 2. tincioria. 

Specimen 4.—Imported, under the name of “ Angola Orchella weed,” from 

the Portuguese settlements of Angola, on the west coast of Africa, into London 

and Liverpool, for the British Orchill manufacture; sent by Messrs BenyJAmIN 

SmirH and Son, Orchill manufacturers, London. ‘The plant grows on the twigs of 

trees and shrubs about the sea-coast. The lacinie are frequently angulose or 

terete-compressed. I find two forms of spermogones. The one occurs as minute 

dark brown points, dotted over the surface of the laciniz, generally in large 

groups or masses. The other is in the form of large, round, or irregular, promi- 

nent, superficial, black tubercles, sparingly scattered, and resembling young apo- 

thecia. In the former the spermatia are curved, delicate, or of great tenuity, 
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about ;+th to ;,,th long; the sterigmata short and unassociated with elongated, 

ramose, sterile filaments. In the larger form of spermogones, on the other hand, 

the spermatia are generally short, thickish, and rod-shaped, or straight; the 

sterigmata longer, and accompanied by delicate, anastomosing, elongated fila- 

ments, as occurs in Ramalina. It is interesting to note that there is a similar 

diversity in the characters of the apothecia in this species, and, indeed, in most 

or all the species of /toccella. In none, perhaps, is this diversity so easily studied 

as in Ze. tinctoria. A similar difference in the form of the spermatia occurs in 

Opegrapha vulgata, in which they are found of all intermediate degrees of size 

and shape between short, straight, rod-shaped, and longish, graceful, crescent- 

like spermatia. On some of the twigs on which &. Montagne grows, occur minute, 

black, punctiform spermogones, containing rod-shaped spermatia about th 

long, borne on short, linear, delicate sterigmata, which appear referrible to some 

of the Graphidec. 

Species 4. R. phycopsis, Ach., 

Which occurs equally in Europe and Africa. As I refer &. Montagnei to the 

fuciformis or flat-lobed type, 1 am inclined to refer this species to the dinctoria 
or round-lobed form. 

Specimen 1.—Among the mixed Orchella weeds sent by Messrs Ropinson of 

Huddersfield, and probably collected on the west coast of Africa. The lacinize 

are aneulose or terete-compressed, and are dotted over with spermogones having 

all the aspect of those of 2. tinctoria. In some spermogones the spermatia are 

straight, rod-shaped, and about ,,th long; while in others on the same speci- 

men they are slightly curved. In both cases they are of great tenuity, and are 

borne on closely aggregated, delicate, linear, simple sterigmata. 

SPECIES 5. AR. intricata, Mont. 

Specimen 1.—Coquimbo; in Herb. Hooker, Kew. Spermogones are abun- 

dant, as largish, distinct, superficial, black points, frequently surrounded by a ring 

or collar of the thallus. In the latter case they may resemble nascent apothecia. 

the spermatia are straight or slightly curved, about ,7th long, with a breadth of 

_1_th; the sterigmata are short, simple, ramose at base, and about ;+ th long. 
25,000 1500 

Species 6. R&R. mollusca, Ach. 

(Sub Dufourea. Syn. Dufourea pruinosa, Nees.) 

This species, which is a native of the Cape of Good Hope, differs from other 

species of the genus, both in its general aspect somewhat, and in its possessing 

terminal instead of lateral apothecia. Its spermogones are, however, quite those 

of the other species I have just described. 

Specimen 1.—In Herb. Hooker, Kew. The spermogones are minute, round, 
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black, flattened spots, which are the ostioles of immersed nuclei. They are scat- 

tered over both sterile and fertile segments of the thallus, especially about the 

tips, but are most abundant on the former. The spermatia are straight or slightly 

curved, about ,,,th long, with a breadth of .~th; while the sterigmata are 
simple, somewhat irregular, short, linear cells, sub-ramose at base, with a length 

of ,,th to ;7,th, and a breadth of ,,,th to ,,;,,th. Both spermatia and sterigmata 

closely resemble those of the preceding species. 

FAMILY IV. SrImrnuLez. 

This is altogether an anomalous and puzzling family, whose place in classifi- 

cation is, as yet, only provisional, from none of its species having been found bear- 

ing apothecia. In the typical genus Siphula, I have never found even spermogones; 

but I have had the opportunity of examining only S. ceratites, Fr., which grows 

in northern Europe (Lapland), Asia (the Himalayas), and in arctic America. In 

Thamnolia, however, I succeeded in finding spermogones several years ago, and, 

at the time of their discovery, I was not aware that my observations had been 

anticipated by any previous author. Ny Lanper has, since that date, referred to 

its spermogones in some of his publications; but he has not as yet fully described 

them. His observations, however, so far as they go, do not quite correspond 

with myown. Theonly species I have examined is 7. vermicularis, which grows 

in arctic or alpine parts of Europe, Asia, and America. 

GENUS I. Tuamnoria, Ach., Scherer. 

This curious genus has been hitherto included in the genus Cladonia ; but the 

character of its spermogones at once separates it. In Cladonia the spermogones 

are generally terminal, and of a different colour from the thallus, the spermatia 

curved, and the sterigmata short and simple. In Zhamnolia the spermogones are 

lateral and concolorous with the thallus, the spermatia rod-shaped and straight, 

and the sterigmata longish and articulated. The spermogones are the large, 

irregular, prominent warts, frequently scattered over the thallus,—of the same 

colour therewith, and having no conspicuous ostiole. They must be compara- 

tively familiar to lichenologists; but it is seldom that the spermatia and sterig- 

mata can be found; at least I have examined several dozens of specimens from 

every variety of habitat, and, though I long suspected these warts of being sper- 

mogones, I have only been able to satisfy myself as to their true character—by 

discovering the spermatia and sterigmata—in a single instance. NYLANDER’s 

description of the spermogones does not at all agree with my observations. He 

says they resemble the perithecia of an Hndocarpon. Now, I have never found 

them punctiform and immersed, as this description would imply; but his words 

might apply perfectly to a minute, punctiform, parasitic Lecidea, L. vermicularia, 

mihi, which I have frequently found growing on the thallus. Again, the sper- 
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matia appear to me to be simply linear and rod-shaped, of equal width through- 

out; while NyLANDER describes them as slightly thickened at both ends. This 

difference in our observations might arise from his using higher magnifying 

‘powers than I am in the habit of employing. Probably this character, if it 

exists, is not a very prominent one. In respect of size and thickness of walls, 

the arthrosterigmata of this genus, like those of Bwomyces, are intermediate be- 

tween those of Sticta and those of Parmelia,—the sterigmata in the latter 

having longer and fewer articulations or cells; those in the former genus being 

altogether broader and stronger, the component cells being more cubical, and 

having much thicker walls. 

Species 1. 7. vermicularis, Scherer. 

(Syn. Cenomyce, Ach.; Cladonia, D.C.; Cladonia a maurocrea B vermicularis, 

Kors. 26.) 

Specimen 1.—ScHRER exs. 86 (sub Cladonia vermicularis a subuliformis.) 

On the ground in alpine situations; Switzerland. The specimen includes two 

forms of the plant, viz., a larger, coarse, and turgid form, corresponding to the 

var. turgida of Cladonia uncialis, and a smaller, ordinary, vermicular form. 

It is on the former, more particularly, that the spermogones occur. This is the 

only case in which I have as yet satisfactorily seen the spermatia and sterig- 

mata of the spermogones. The latter occur abundantly as largish, prominent, 

roundish, flattened, or irregular warts, of the same colour as the thallus, with an 

obscure, central, stellate-fissured ostiole. The internal walls are formed of 

arthrosterigmata, resembling those of Sticta and Collema. They consist of short, 

thick-walled cells, irregularly articulated_so as to give the whole sterigma a very 

zigzag outline. The spermatia are small, rod-shaped, about ~,th long, with a 

breadth of ,,;,th, bristling over the sterigmata, as in the genera above named, 

and attached to the apices of the individual articulations or cells. In external 

aspect the spermogones are somewhat analogous to those of Usnea and Ramalina ; 

but they are generally isolated and sparingly scattered in Thamnolia. 

Specimen 2.—Falkland Islands; Antarctic Expedition, 1839-43 ; Dr Hooxsr. 

The hollow, vermicular, creeping stems are dotted over with minute, black, 

round, immersed bodies, frequently depressed or flattened, which bear a close 

resemblance to the spermogones of /occella. ‘These, however, are the parasitic 

apothecia of a Lecidea. The thece are irregularly obovate, bulging here and 

there from pressure by the contained spores, not tapering below into a pedicel, 

but sac-like, and resembling the thecee of Avthonia. They do not give a blue 

reaction with iodine. The spores are’ eight in each theca, brown, 1-septate, 

oblong-oval, with a constriction opposite the septum, which gives them a figure- 

of-eight appearance. I am not aware that this parasite has been hitherto 

described; and I therefore venture to propose for it, in allusion to its habitat, 
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the name of Lecidea vermicularia. It closely resembles, in external aspect, the 

parasitic Lecidea alectoriw, which inhabits the thallus of Alectoria Taylori, whose 

spores, however, are 3-septate. 

Specimen 3.— Falkland Islands; Dr Hooker; in Herb. Hooker, Kew. A few 

thalli bear the parasite above described. Its spores are soleeform, resembling 
those of L. Smithii, about ;,,,th to ;5,th long by ,7,th broad. 

Specimen 4.—Var. taurica, which is merely a short, turgid, spermogoniferous 

form, as described in No.1; Cairngorm, Aberdeenshire Highlands ; in Herb. 

Hooker, Kew; in very large handsome patches. There are here associated both 

soredic and spermogonal warts: the former can at once be distinguished, on 

microscopic examination, from young spermogonal warts, where spermatia occur ; 

but when the spermogones are old, as in this case, the distinction becomes very 

difficult. Here the spermogonal warts are comparatively large, and resemble 

the young apothecia of Lecanora parella somewhat. They have a distinct, ring- 

like margin, and a pale brown, disk-like ostiole, which becomes semi-pellucid on 

being moistened. In the young state they are mere thalline papilla, with a 

brown apex, which is the round ostiole. An annotator in Herb. Hooker remarks, 

in regard to these warts, of date 1810, [probably Dr TurNER ],—“‘ Can this be the 

fruit of Beomyces vermicularis? Hurtron had two or three morsels besides; but 

I. could not get more from him, as he had promised them to Mr Gisporne. I[ 

thought the best of them looked much like the tubercles of B. roseus.” It is 
most interesting to note here the association of this species under, or in, the 

genus Bwomyces ; for the spermogones of Thamnolia and Beomyces, as I have 
already pointed out, bear a marked resemblance. In my researches I have con- 

stantly been struck with the extreme accuracy of the older lichenologists, an 

accuracy remarkable in the absence of that now all-important aid to the ob- 

server, the microscope. It has been customary to decry the classifications of the 

older authors on lichenology, and to abolish their nomenclature; but I do not 

hesitate to avow my preference both for their classification and nomenclature, as 

contrasted, at least, with the modern systems of the German school, if, at all events, 

we may take the monographs of Bayruorrer and Korper as types or speci- 

mens thereof! In addition to the soredic and spermogonal warts above described, 

there occasionally, though more seldom, occur warts which appear to be bullosities 

of the thallus,—large, very rugose, and irregular ; they are dotted over with black, 

punctiform bodies, which, though I have not detected in them the characteristic 

spores, I have no hesitation in referring to my L. vermicularia. 

I have found spermogonal warts in specimens collected by myself on Lochna- 

gar, Cairngorm, and Ben M‘Dhui, Braemar ; on Ben Lawers, Perthshire; and on 

the Dovrefjeld range of mountains in Norway. I have also met with them occa- 

sionally in the following valuable suite of specimens contained in the Hookerian 
Herbarium at Kew :— 
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1. Small or ordinary form: Huamantonge, and on the Pampas of the Cordil- 

lera, South America; Port Louis, Dr Hooker; Franxuin’s first voyage ; Port 

Bower; the mountains of Canlochan, Clova, GARDINER, 1844; hill above the 

Corrie of Clova, GARDINNR, 1843; Ben Aven, Braemar, spreading over Cetraria 

aculeata and Trichostomum lanuginosum, GARDINER of Dundee. 

2. Short, turgid form, var. ¢aurica of authors: Bomasas, Garkmial, on the 

Himalaya, 16,000 feet high, ex. Herb. Stracnry and WINTERBOTTOM; LEHON; 

Spruce’s “Lichenes Pyrenezi;’ British North America; Melville Island, Sir E. 

Parry; Hartz Mountains, Dr Noupen ; Ben Lawers; Mael Graedha, 1810, coll. 

by Borrer. 

FAMILY V. BzomycEe. 

GENUS I. Baomycss, Pers. 

In this genus the spermogones are with great difficulty visible, and are sel- 

dom to be met with. I have seen what I regard as the spermogones—for I have 

not been able perfectly to satisfy myself—only in a single instance, in B. placo- 

phyllus. There they occur on the horizontal or fiat foliose thallus, as punctiform, 

immersed, black or brown bodies, somewhat irregular in form. The spermatia 

are very minute, rod-shaped, or oval; the sterigmata very narrow. delicate, and 

consisting of numerous short cells or articulations. In respect to the size of these 

individual articulations, and their general thickness, the arthrosterigmata of 

Beomyces are intermediate between those of Collema or Sticta, and those of 

Parmelia, as, indeed, I have already pointed out under the head of Thamnolia 

~ vermicularis. 

Sprcius 1. B. placophyllus, Ach., 

Which grows in northern Europe, and northern America. 

Specimen 1.—Near Blair Atholl, 1810; Borrer, in Herb. Hooker, Kew. The 

horizontal thallus is studded over with minute, black, punctiform, or irregular 

bodies,—immersed in the thalline tissue,—which appear to be its spermogones, 

but in which I could find no free spermatia nor distinct sterigmata, so that I am 

in doubt as to their nature. Here there is no fructification (apothecia). The 

thallus is parmelioid, thick, foliaceous, buff-coloured. 

SPECIES 2. B. roseus, Pers. 

The most familiar species of the genus, perhaps, which occurs in Europe, 

America, and New Zealand. Its arthrosterigmata are the most delicate known 

in lichens as to thickness, being only about z;th to ~octh broad. 
VOL. XXII. PART I. 2A 
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Species 3. B. rufus, Ach. 

(Syn. B. rupesiris, Pers.; Biatora byssoides, Fries.,; Sphyridium fungiforme, 

Schrad., Kors., 273.) 

Like B. roseus, this species occurs alike in Europe, America, and New Zealand. 

Korser describes its spermogones as small, brown warts, sometimes compara- 

tively distinct, with oval spermatia. 

Species 4. B. icmadophilus, Ach. 

(Syn. Lecidea, Ach.; Biatora, Fries.; Lichen ericetorum, Smitu Engl. Bot., 

372; Lecidea cwruginosa, ScHzR. exs., 216; Icmadophila wruginosa, 

Scop., Korb., 151). 

This species has a comparatively wide geographical distribution, occurring in 

Europe, North America, and India. Korser says, he never found separate or 

isolated spermogones in this species. But once, on making a section of an apo- 

thecium, in a part of the hypothecial tissue he came unexpectedly upon a number 

of atomic, linear bodies, endowed with a molecular movement, having all the ap- 

pearance of spermatia. He evidently means to imply, that the spermogones here 

are sunk in the hypothecium below the hymenium of the apothecium; for he 

throws out the suggestion, that they may stand in the same relation that those 

of Celidium fusco-purpurcum do according to TuLASNE.* I have found this posi- 

tion of the spermogones in one or two instances only ; but I suspect that it is not 

so uncommon as we are at present led to believe. In such a position, spermo- 

gones are extremely apt to be overlooked, and it were well, I think, that the 

attention of future observers in spermogonology should be directed to this circum- 

stance. 

FAMILY VI. SpHaRoPHORE. 

GENUS I. SpH#£ROPHORON, Pers. 

The spermogones may be described, in general terms, as small but distinct 

black or brown cones or tubercles, either perched singly on the tips of the ultimate 

ramuscles, as in S. coralloides, or scattered in groups along the zigzag or angular 

edges of compressed, flattened segments, as in S. compressum. ‘They are some- 

times dotted over the angles of the ramuscles in S. coralloides ; but this is very 

rare, while it is a general phenomenon in S. compressum. In S. coralloides, the 

cone form predominates, with a brown colour ; in compressum, the flattened tuber- 

culated form with a black colour. In the former, the shape is intermediate be- 

tween the barrel-like spermogone of Cladonia or Cetraria, and the papilla of Sticta 

* «Mémoire pour servir a |’Histoire Organographique et Physiologique des Lichens.” By M. 
L. R. Tuxasne, Aide-naturaliste an Muséum d’Histoire Naturelle, Paris. Annales des Sciences 
Naturelles, 3d Series, vol. xvii., Botanical Part, 1852, p. 121; Plate 14, f. 12. 
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or Parmelia. In the latter species (compressum), the spermogone is frequently a 

mere flattened wart. In both, the spermogones are usually very distinct, from 

the contrast of their colour with the pale gray, or buff-yellow, waxy tint of the 

thallus. Sometimes they are scattered over the under surface, which is paler or 

whiter than the upper, as in some forms of compressum, in which case they are 

still more distinct. The ostiole is generally very minute and imperceptible; but 

frequently also it is large and patent. In the latter case, the spermogone may 

present the appearance of a flattened cone with a depressed apex, or of a brown 

or black ring, as is frequent in compressum. Moreover, in the old state of the 

spermogone, the nucleus sometimes falls out, leaving irregular, saucer-shaped 

cavities. The ramuscles bearing spermogones are generally much more narrow 

and delicate than those bearing apothecia, which latter indeed are not unfre- 

quently fastigiate ér thickened in tenerwm and coralloides. Gentle pressure in a 

drop of water, between glass slides, of one of the spermogones, causes the emission 

of myriads of spermatia, which are minute corpuscles, oblong, rod-shaped, or sub- 

ellipsoid,—generally straight, but sometimes slightly curved ;—they are obtuse at 

the ends, and vary in length from guth to wath, with a breadth of about stoth. 
The sterigmata are short, linear, simple cells, subramose at the base, and of equal 

breadth with the spermatia. They resemble those of Cladonia, and are about 

sath to ith long, with a breadth of s.,th. Sometimes they are composed of 

a few delicate linear cells or articulations. Sometimes intermixed with the 

ordinary spermatiferous sterigmata are numerous elongated, sterile, anastomosing 

filaments, resembling those of Ramadina. The spermogonal envelope is usually 

of a brown cellular tissue. Link makes a very careless and improper use of the 

term “ Sporangium,” as applied to the reproductive organs of Sphwrophoron, a 

term which is usually applied only to the spore cases of Ferns and Mosses. He 

evidently refers to the apothecia rather than to the spermogones, when he says,— 

“ Constat sporangium e thecis appositis, parallelis, ut in Opegrapha, aliisque quee 

tamen fatiscunt et indumentum pulveraceum quo distinguitur constituunt.’’* 

The figure he gives is, moreover, very bad and unlike nature. 

SPECIES 1. S. coralloides, Pers., 

Which has a wide geographical range, being found in Europe, Northern America, 

the Antarctic Regions, and the Canary Islands. TuLAsNE seems to have been 

singularly unsuccessful in discovering the spermogones of this species, which he 

describes as similar, in site and structure, to those of S. compressum. They are, 

in almost all the specimens examined by myself, solitary and apical, large and 

cone-like, while those of compressum, according to my observations, are lateral, 

grouped, flattened, and irregular. 

“* « De Spherophori Sporangio Observatio.” By H. F. Linx, p. 465, Plate xi., fig. 2, 
* Linnea,” vol. vii, Berlin, 1832. 
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Specimen 1.—Glen Dee, Braemar, on quartz boulders; in abundant fruit; 

August 1856, W. L. L. The spermogones are abundant on the tips of the smaller 

ramuscles, which surround those bearing apothecia. They are deep brown, cone- 

shaped bodies, with an imperceptible pore or ostiole; they are generally single, 

one on each ramuscle; occasionally they are grouped in twosor threes. In general 

appearance they somewhat resemble the spermogones of Cetraria islandica. 

The spermatia are straight and rod-shaped, about sath to gath long. On first 

emerging from the spermogone, they frequently appear sub-ovoid or ellipsoid, 

probably from their being coated with some of the spermogonal mucilage in. which 

they are imbedded. In other specimens, on granite, the spermogones are some- 

what older; they appear as deep brown rings, occupying the same site as above 

mentioned. Here the ostiole is large, round, and patent, as in Cladonia. The 

envelope, as in the former case, consists of a deep brown cellular tissue. The 

sterigmata are sometimes composed of a few delicate linear cells or articulations. 

The spermatia are even smaller than those above described, being only about 

moth, and they are more frequently sub-ellipsoid in form. 

Specimen 2.—On boulders of granite and other rocks; roadside opposite In- 

vercauld, Braemar, August 1856, W. L. L.; sterile. Here the spermogones are 

old; the cones are flattened on the apex; the ostiole large and patent, with a 

prominent, brown, thick margin, and depressed occasionally so as to give the 

spermogone a saucer-like appearance. 

Specimen 3.—On rocks of mica slate and gneiss, Craig-y-Barns, Dunkeld, April 

1856, W. L. L. Young spermogones are abundant on the brown tips of the ulti- 

mate ramuscles. 

Specimen 4.—Walls, Ingleby Park, Cleveland,: Yorkshire, 1856, collected by 

W.Mupp. The spermogones are here sparingly scattered on the brown tips of the 

most delicate ramuscles; they are papillar, with an imperceptible ostiole, and are 

easily recognised from the contrast of their deep brown colour with the pale 

waxy-gray of the thallus. 

Specimen 5.—Straits of Magellan, Wurinnire; in Herb. Hooker, Kew. The 

plant is sterile, and the whole thallus is much warted and deformed. ‘The tips 

of all the innumerable terminal ramuscles of the much-branching thallus are 

studded with black, papillar spermogones. 

Specimen 6.—Russian America, 1837, and North-west America, Doucuas; in 

Herb. Hooker, Kew. The spermogones are here arranged as in compresswuin; 

they are few, and scattered on the angles about the ends of the ramuscles, as well 

as seated on their apices. This may be regarded as a transition form between 

coralloides and compressum. A specimen from Jamaica, WiLson, also in the 

Hookerian Herbarium, is labelled compresswm by NyLANDER himself; it certainly 

has the spermogones of the latter: but the thallus has all the aspect of that of 

coralloides. In American specimens, the thallus generally branches much, and is 
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long and lax. In S. coralloides, the ramuscle, at its tip, generally suddenly bulges 

out or becomes thickened below the insertion of the barre],—or cone-like, sper- 

mogone. 

SPECIES 2. S. fragile, Pers., 

Which has nearly as wide a geographical range as the preceding species, of which 

indeed [ regard it but asa variety. The plant is cxespitose and dwarf; its ramuscles 

single, or branching little, and closely ageregated. 

Specimen 1.—Movceot and NESTLER’s exs., No. 263; in Herb. Royal Botanic 

Garden, Edinburgh. The spermogonal papille are isolated and terminal, precisely 

as in S. coralloides. 

Specimen 2.—Craig-y-Barns, Dunkeld, 1856, W. L. L.; sterile. The spermo- 

gones are young, and constitute the brown tips of the simple closely aggregated 

ramules. 

Species 3. S. tenerum, Laur. 

If it is not to be considered but a variety of S. coralloides, it is very closely 

allied, both in the general aspect of its thallus, and in the site and structure of its 

spermogones. The latter are terminal and isolated, each being seated on the tip 

of one of the extremely narrow, linear, delicate ramuscles. 

Specumen 1.—Wermite Island, Cape Horn, Antarctic Expedition, 1839-43, 

Dr Hooxrr. The spermogones are minute, black, round tubercles, with an in- 

appreciable ostiole ; they are smaller and darker than, but otherwise of the same 

character as, those of S. coralloides. The spermatia are rod-shaped or sub-ellipsoid, 

about sath to jooth long, and are given off from the apices, as well as sides, of 

the delicate indistinct sterigmata, which are composed of a few delicate linear 

cells or articulations, and are sub-ramose at base. Some specimens have branches 

somewhat short and thick; in them the spermogones occur in the form of clus- 

tered warts, resembling those of Stereocaulon. 

Specimen 2.—Lord Auckland Islands, Antarctic Expedition, 1839-43, Dr 

Hooker. Abounds both in apothecia and spermogones. The ramules bearing 

the former are strong and fastigiate, scarcely ramose; those bearing the latter 

are filiform, extremely delicate, and very ramose. The spermogones are black 

papillze or warts precisely as described in No.1. The spores are quite those of 

S. coralloides, an additional argument for merging in this species S. tenerum. 

Species 4. S. compressum, Ach., 

Whose geographical range is, at least, as extensive as that of S. coradloides, occur- 

ring in Europe, America, the African Islands, and Australia. 

Specimen 1.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooxrr. The 

thallus is of a pale-yellow on one surface, the upper, which is convex; whitish 

on the under surface, which is somewhat concave; the edges of the segments 
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are much notched. Scattered along the notched edges, especially towards the 

extremities of the branches, and on their under or pale surface, are the sper- 

mogones, which are round, black, flattened warts. In some, the ostioles are small 

or imperceptible, more generally they are distinct, and frequently they are so 

large and patent that the spermogones have the aspect of mere rings. Some- 

times the body of the spermogone falls out, leaving an irregular saucer-shaped 

cavity. In foreign specimens, this species is very distinct from S. coralloides in 

the aspect of its thallus, and in the character of its spermogones, at least as to 

their external appearance and site. But in British specimens this is less evident ; 

most British specimens of S. compressum, so-called, are, however, really referrible 

to S. coralloides. The spermatia of |S. compressum are sub-oblong or rod-shaped, 

sometimes sub-ellipsoid, generally obtuse at the ends, about smth to month long. 

They are borne on the apices of extremely delicate, linear, simple sterigmata, ra- 

mose at the base, and resembling those of Cladonia. The spermogonal walls, in- 

ternally, give rise, in addition, to a number of ramose, elongated, anastomosing 

filaments, like those of Ramalina. 

Specimen 2.—Lord Auckland Islands, Antarctic Expedition, 1839-43, Dr 

Hooker; in fruit. The spermogones are the same as those which occur in Tas- 

manian specimens, and described in No.1. They are chiefly scattered on ramules 

destitute of apothecia; but they also occur, to a minor extent, on the small ra- 

mules, which frequently come off below the apothecia. The envelope is of a bluish 

cellular tissue. The sterigmata are extremely delicate and indistinct, and branch 

only from the base. Ramose elongated filaments are very abundant, filling the 

cavity of the spermogone. The spores are those of S. coralloides. 

Specimen 3.—New Zealand; Auckland Islands, Dr Hooker; Van Dieman’s 

Land; Tasmania, Gunn; in Herb. Hooker. The spermogones are always scattered 

over the under pale or channeled surface, where there is a distinction between 

the two surfaces. There would seem to be a gradual transition between S. coral- 

loides and S. compressum, in regard to the character of the ramules and spermo- 

gones. 
Specimen 4.—Port Famine, in Herb. Royal Botanic Garden, Edinburgh, is 

beautifully studded over with very distinct spermogones. 

Specimen 5.—Connemara, 1805, Dr Mackay; Miss Hurcuins, 1810, probably 

also from Ireland; in Herb. Hooker, Kew. The thallus is pale and waxy, and the 

spermogones are undoubtedly those of S. compressum. As a general rule, they 

are more abundant in this species than in S. coralloides. Korper, indeed, seems 

to believe that they never occur in the latter ; at least he remarks, “ Spermogo- 

nien sind bis jetzt nur bei S. compressum aufeefunden worden.” 

Spectinen 6.—North-west America. Spermogones scattered, few, isolated 

about the angles and end of the sterile ramules; Cotopaxi, JAmMEson; Jamaica, 

Purpie; New Granada, Purpie; Cape Horn, Dr Hooker, sterile specimens: 
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abundantly spermogoniferous; Falkland Islands, Dr Hooker, thallus much de- 

formed; Van Dieman’s Land, Fraser; New Holland, Fraser: Tasmania, As- 

bestos Hills, Gunn; Van Dieman’s Land, Gunn,—all these specimens are in the 

Hookerian Herbarium, Kew. However variable the thallus, the disposition of 

the spermogones is always the same. In Van Dieman’s Land specimens, the apo- 

thecia are sometimes seated in the axils of divergent spermogoniferous ramules. 

Specimen 7.—Var. australe, Laur. ; New Holland, Sizser; an authentic speci- 

men of LauRER’s plant, from the Rev. CHurcHILL Basineron, in Herb. Hooker, 

Kew; also, New Zealand, Cotenso, in Herb. Hooker. This isa large handsome 

plant, but certainly only an exaggerated form of S. compressum The spermo- 

gones occupy the same position that they do in S. compressum, being scattered 

about the ends of the ramules, on the angles and prominences, which abound there- 

on. But the ends of these ramules vary considerably in character. Sometimes 

they are broad and fastigiate, at other times simple and narrow. In the latter 

case, the spermogones are generally terminal and isolated, as in S. coralloides. 

Whether isolated or grouped, they are largish, black, round, semi-immersed bodies, 

generally very distinct, especially if, as is frequently the case, the thallus is pale 

gray, or cream-coloured, and waxy. The spermatia are oblong or rod-shaped and 

straight, or they may be very slightly curved ; their length averages smth, and 
their breadth south. The sterigmata are simple, linear, very delicate, ramose be- 

low, as in Ramalina ; their length averages about gath to guth, and their breadth 

sooth, or, in other words, they are of equal width with the spermatia. 

GENUS II. Acroscypuus, Lév., Tul.,* 

In external characters, the spermogones are closely allied to those of Spheero- 

phoron, especially of S. coralloides, being seated on the tips of sterile ultimate ra- 

muscles. Their character is sufficiently represented by that of the spermogones 
of the single species of the genus, A. sphwrophoroides. 

Specigs 1, A. spherophoroides, Lév., 

Which appears peculiar to the mountains of Mexico and India. 

Specimen 1.—Wallanchoon, Sikkim, Himalayas; alpine region, at an elevation 
of 13,000 feet; Dr Hooxer, in Herb. Hooker, Kew; both apothecia and spermo- 
gones abundant. The spermogones occur at the ends of sterile ramuscles, which 
are frequently fastigiate, and very much warted; the irregular warts resembling 
those of some Stercocaula. The spermogones are punctiform, brown, most irregular 
in form and size; these are ostioles leading to immersed, compound spermo- 
gones. ‘The spermatia are oblong or sub-ellipsoid, about z;th long, with a breadth 

of sath, and very abundant, on articulated sterigmata. 

* Mém. Lich. t, 15, f. 10-12. 
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FAMILY VII. SrerrocauLEé. 

GENUS I. StEerREOocAULON, Schreb. 

The spermogones are very irregular warts, which sometimes cover the sterile — 

ramules about their ends; sometimes are seated immediately below the apothecia, 

to which, when aggregated circularly, they form a kind of collar. Soredic warts 

also occur abundantly on the different species of this genus; but the spermogonal 

ones are generally distinguishable, without having recourse to microscopic exami- 

nation, by their black or brown ostioles, which are generally round, stellate, or 

triangular, according to their age. These ostioles lead into the body of the sper- 

mogone, which is wholly immersed in the warts in question. The internal tissue 

is sometimes blue, and this colour shines through the thin walls of the spermogone. 

Hence, the ostiole has occasionally the appearance of being seated in the centre 

of a bluish-black spot or areola, as in S. argus. The envelope or capsule is of a 

pale brown cellular tissue usually; the cavity simple or sinuous, frequently the 

latter. So abundant occasionally are spermogonal warts as to constitute what 

have been described by the older authors as distinct varieties, e.g., var. stigmatea 

of S. tomentosum of FLorow. But, on the other hand, they are frequently recog- 

nisable with great difficulty, and are seldom to be met with. I have examined 

many hundred specimens of species of Stercocaulon, without having met with the 

spermogones more frequently than a few times. Sometimes the spermogones are 

terminal, and resemble nascent apothecia. The sterigmata are simple and short, 

frequently sub-spherical; the spermatia are either straight and rod-shaped or 

slightly curved. They vary in length from ath to gcth, averaging about gath 
to sth, with a breadth of smth to sath. 

Species 1. S. paschale, Fr., 

Which occurs in Europe, America, and Asia. 

Specimen 1.—Hill heaths above Bonhard, Perth, July 1855, W. L.L. The 

spermogones occur on specimens bearing no apothecia, as small brown warts, 

scattered about the ends and along the sides of the ultimate ramules. They some- 

what resemble small apothecia, are flattened, round, or irregular, with a round 

ostiole, generally of the same colour as the wart, and indistinct in its outline. The 

envelope is of a brown cellular tissue. The spermatia are rod-shaped or oblong, 

about gwth long. The sterigmata are short, simple, bulging ; sometimes resembling 

a series of papilleeform or nipple-shaped cells, at other times longer and sub-* 

digitate. 

SpEcIES 2. S. alpinum, Laur., 

Which is found in Europe and Asia, but which I regard only as a variety of the 

preceding species. 
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Specimen 1.—Ben Nevis, August 1856, W. L. L. This is a tall slender form 

of the thallus, laxly ramose, and sparingly covered with granules. The spermo- 

gonal warts occur both on sterile ramules and on those bearing apothecia. The 
spermatia are about goth, some of them being curved. 

SPECIES 3. 8S. denudatum, Flk., 

Which grows in Europe, America, and Asia; but which, like S. alpinum, I consider 

a mere variety or state of S. paschale. The stem is very naked inferiorly, being 

destitute of the granules or scales which usually clothe it. 

Specimen 1.—County Antrim; D. Moore of Glasnevin, in Herb. Isaac Caro. 

of Cork. The spermogones are abundant on large warted sub-spherical or irregular 

dilatations of the ends of the ramules, none of which bear apothecia. These sper- 

mogonal warts occupy the site, and appear morphologically to take the place, of 

apothecia. The ostioles are brown, immersed, and punctiform. The spermatia 

are either straight and rod-shaped, or curved ; many of them are the latter. Their 

length is about smth, their breadth sth; their sterigmata short and simple, as 

in S. paschale. 

Species 4. S.ramulosum, Sw., 

Which grows in America, equatorial Africa, Polynesia, and Australia; a large and 

handsome species. 

Specimen 1.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker. Both 
apothecia and spermogones abound. The latter are large, round, flattened warts, 

scattered about the ends of the sterile ramuscles, or seated immediately below the 

apothecia, round which they form a sort of neck or collar, as in S. argus. They 

have a bluish-black colour on the surface, and are marked by stellate-fissured 

black ostioles. In this state they have greatly the appearance of the young apo- 

thecia of Spherophoron coralloides, in process of fissuring of their capsule or 

exciple. Internally, the spermogones consist of a congeries of sinuous cavities. 

The spermatia are very delicate and curved, about s,th long, borne on the apices 

of simple vesicular sterigmata. The short lateral branches proceeding from the 

main stems frequently terminate in capitular or bullose dilatations; these are full 

of medullary tissue—white and lax—and they cannot therefore, on microscopic 

examination at least, be mistaken for, or confounded with, spermogonal warts. 

Specises 5. S. argus, Taylor. 

Specimen 1.—Campbell’s Island, Antarctic Expedition, 1839-43, Dr Hooker. 

The apices of the sterile ramules are irregularly tuberculated; this tuberculated 

dilatation consisting of a series of small flattened warts of the same colour as the 

thallus, each separate wart being pierced centrally by a black minute ostiole, 

which is round, triangular, or stellate. This ostiole is usually surrounded with a 

halo, which is bluish-black, from the colour of the internal tissue in old spermo- 
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gones shining through that part of the envelope which is thinnest. These warts 

are also occasionally scattered in groups of two or three round the branches bearing 

the apothecia, and immediately below the latter, to which they then appear as 

collar-like appendages. The spermatia are abundant, thickish, curved, about 

ath long, on simple vesicular sterigmata- 

FAMILY VIII. Cnaponicz. 

GENUST. CLADONIA, Hof'm. 

The spermogones of Cladonia are mostly barrel-shaped, long or short, narrow 

or bulging; generally of the same colour as the apothecia, and with a distinct 

large round ostiole. The barrels are largest and best marked when terminal, as 

in C. furcata ; shortest and most tuberculiform when on the margin of scyphi, as 

in C. pyxidata. In the latter case, they are frequently flattened on the top, and 

irregular in form. They sometimes form a denticulate fringe of the margin of the 

scyphi, which may either be comparatively regular, or more or less irregular. In 

species with branching podetia, terminating in tapering points, the spermogones 

are generally seated on the ends of the ultimate ramuscles, of which they consti- 

tute the brown points, which are erect in C. furcata ; nodding, or erect also, in C. 

rangiferina. In species with simple podetia, which terminate in scyphi, the 

spermogones are seated generally on the margins of these scyphi. In some species 

with a large horizontal and foliose thallus, and which seldom bear podetia, they 

are seated directly on the folioles of the thallus. But they also occur in species 

with scyphiferous podetia, seated directly on the squamules or folioles, with which 

these are frequently more or less plentifully covered; especially in deformed and 

sterile states, as in C. bellidiflora. Sometimes they are seated directly on the 

sides of the podetia themselves, as in the cervicornis variety of C. gracilis, and in 

C.amaurocrea. Occasionally they occur on digitate prolongations of the margins 

of the scyphi, as in C. bellidiflora and C. pyaidata ; and, lastly, they are some- 

times, though rarely, studded over the apothecia themselves, as in one instance in 

C. rangiferina. In scyphiferous species, in which they are usually grouped on the 

margins of the scyphi, they may occur isolated and terminal on their cornuta 

form or variety—a sterile spermogoniferous one with long, simple, tapering podetia. 

When terminal, the spermogones are generally single or tsolated ; when occurring 

on the margins of scyphi, they are grouped in numbers of from two to five in 

C. gracilis,—five to twelve in C. pyxidata. The size of the spermogones varies 

greatly: in C. rangiferina they have a diameter of s;th, with a length of jth; 

but in C.furcatathey are generally much larger in all their dimensions. Asa general 

rule, they are greatly smaller and more delicate in arctic and antarctic specimens, 

than in specimens of the same species from temperate countries. Their envelope 

is generally thin, and of a brown cellular tissue. The deep brown colour of the 
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spermogones—or brownish-red in species with scarlet apothecia—contrasts well 

with the pale straw-yellow or gray of the thallus, and renders them particularly 

conspicuous in this genus. The line of junction between the spermogone and the 

thallus is readily seen, and the sudden bulging of the barrel-shaped organ adds 

to this effect. The cavity of the spermogones is generally simple; but I have 

seen it sometimes sub-compound or divided into several obscure compartments 

or sinuses, as in C. macilenta. This cavity contains abundance of mucilage, in 

which are imbedded the spermatia. In species with scarlet apothecia, and 

occasionally also in those with brown fruit, as sometimes in C. pyxidata, this 

mucilage has a rose tint. The emission of the spermatia can readily be 

studied, by placing the spermogoniferous tips of the ramuscles of C. rangi- 

ferina or C. furcata in a drop of water between glass slides, and subjecting 

them to moderate pressure under the microscope. The genus Cladonia is, 

therefore, a good one in which to examine the spermogones and their contents. 

There is a remarkable uniformity throughout the whole of the species of Cladonia, 

in regard to the form and size of the spermatia and sterigmata. The former are, 

in all cases, curved when free, though they sometimes appear straight, or nearly 

so, while yet attached. They are somewhat crescent-shaped, that is, they are 

pointed or acute at the ends, and thicker in the centre. Their length varies from 

auth to ~anth, their breadth from ;;nth to sath. They are sometimes so short 
as amth to sath. They must not be looked for in old spermogones, with large 

gaping ostioles, from which they have long since escaped. While attached to their 

sterigmata, they are sometimes double the size they are when free, a phenomenon 

that is of frequent occurrence in lichens. The sterigmata are, in all cases, very 

delicate, linear, simple cells, very ramose at the base, varying in length from 

mth to znth, with a breadth of smth. With age they become elongated and 

sterile, filling the whole cavity of the spermogone, while, at the same time, they 

frequently acquire a brown tint. Occasionally, though rarely, elongated, hyper- 

trophied, sterile filaments project from among the ordinary spermatiferous ones, 

as in C. rangiferina in one or two instances. Spermogoniferous forms include 

many, at least, of the puzzling and anomalous varieties of species of Cladonia 

described by the older authors. 

SPECIES 1. C. pyxidata, Fr., 

A cosmopolite; occurring almost in every quarter of the globe hitherto explored. 

Specimen 1.—Old wall, Caerlaverock Road, Dumfries, August 1856, W. L. L. 

A deformed and degenerate form, with very large podetia, and scyphi covered 

with furfuraceous scales. The spermogones are roundish, brown, distinct tubercles, 

borne on small digitate prolongations from the margins of the scyphi, and having 

a perceptible ostiole. The interior contains a very beautiful and abundant lake- 

coloured mucilage. The spermatia are chiefly straight. 
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Specimen 2.—Moors on hills east of Sligachan, Isle of Skye, August 1856, W. 

L. L. Spermogones are abundant on the margins of the scyphi, as largish, distinct, 

tub-shaped or globose warts, of a deep brown colour, with distinct ostioles, some 

of them very large and gaping, round, triangular, or stellate. The spermatia are 

all curved, apparently of equal thickness throughout, and about sth long. 

Specimen 3.—Kinnoull Hill, Perth, March 1856, W. L. L. The spermogones 

fringe plentifully the sterile scyphi as small, spherical, brown cones or warts. 

Specimen 4.—Siberia, Soongarica; collected by Karetrn and Krritorr, 1840; 

in Herb. Hooker, Kew. No apothecia, but with spermogoniferous scyphi. 

Specimen 5.—Road to Wellington Falls, Van Dieman’s Land; Mossman, 1850; 

in Herb. Royal Botanic Garden, Edinburgh. No apothecia, but with spermogoni- 

ferous scyphi. 

Specimen 6.—ScHARER exs. 52 (sub C. pyaidata, a. polyscypha, B. exigua); 

on the trunks of trees; no apothecia. This is simply a spermogoniferous state. 

There are no spermogones on the short scyphiferous podetia; but barrel-shaped 

ones are seated on the tips of simple, cylindrical, elongated podetia, which resemble 

those of gracilis or macilenta. 

Specimen 7.—ScHARER exs. 53 (sub a. polyscypha, C. simplex); on the ground 

and the trunks of trees; in abundant fructification. The spermogones are abun- 

dant on the margins of the scyphi, as small barrel-shaped or conoid bodies. 

Specimen 8.—ScHARER exs. 58 (sub +. longipes, LE. tubeeformis) ; on the ground 

in woods. This is simply a spermogoniferous state; it bears no apothecia. The 

spermogones are small pale brown cones or tubercles, sparingly fringing the very 

irregular denticulate scyphi. 

Specimen 9.—ScHARER exs. 268 (sub &. communis); in damp and shady places. 

The spermogones are large barrels on the margins of broad scyphi. 

Species 2. C. jimbriata, Fr., 

Likewise a cosmopolite ; it seems to me to be but a form of the preceding species, 

marked by toothed scyphi, the margins of which sometimes bear small secondary 

podetia. 

Specimen 1.—Bogin, County Derry, D. Moors, in Herb. Carroll; with deformed 

apothecia. This ismerely aspermogoniferous form of C. pyaidata, in my opinion, 

though it is the form which NyLanper refers to his jimbriata. The spermogones 

occur on the diaphragm, as well as the margins of the scyphi, as short, distinct, 

brown tubercles. The spermatia are all slightly curved, crescent-shaped, about 

goth long, with a breadth of smth. Thesterigmata are very ramose and delicate, 

about nth long, with a breadth of youth. 

Specimen 2.—Craigie Hill, Perth, April 1856, W. L. L. The spermogones are 

seated on small prolongations from the margins of the scyphi. 
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Specimen 3.—Falkland Islands, Dr Hooker, in Herb. Hooker, Kew. Besides 

marginal spermogones, apothecia are abundant, and are quite those of C. pywidata. 

Specimen 4.—Road to Wellington Falls, Van Dieman’s Land, Mossman, 1850 ; 

in Herb. Royal Botanic Garden, Edinburgh. No apothecia, but spermogoni- 

ferous scyphi. 

Specimen 5.—ScuZReER exs. 589 (sub @. longipes, ». denticulata); in woods. 

The name denticulata would appear to have been given in allusion to, or in con- 

sequence of, the spermogoniferous fringe of the scyphi, which is precisely like 
that so common in C. pyxidata. The spermatia are zth long. 

Specimen 6.—ScHZRER exs. 640 (sub @. ochrochlora); on the ground in the 

valley of the Mittenwald, Upper Bavaria. The spermogones are large barrels, 

which are seated in groups of two or three on the edge of the narrow scyphi 

which terminate the podetia. The sterigmata, with the spermatia attached, 

measure about ;,th to sath long; they become brown when old and sterile. 

Specimen 7.—Long Island, United States, May 1856, Dr A. O. Bropiz. The 

spermogones are small irregular barrels or cones, fringing the scyphi, precisely | 

as in C. pyaidata. 

SPECIES 3. C. cornuta, Fr., 

Which is said to occur in Europe, Asia, and America ; it appears to me to belong 

partly to C. pyaidata, and partly to C. gracilis. 

Specimen 1.—Craig-y-Barns, Dunkeld, April 1856, W. L. L. This seems 

referrible to C. pyxidata. The spermogones are few, but large and distinct, brown 

barrels, occurring on the margins of the scyphi. 

Sprciges 4. C. degenerans, Flk., 

Which occurs in Europe, Asia, and America; it does not appear to me to deserve 

to rank as a distinct species, but to belong to C. pyaidata, C. gracilis, and C. squa- 

mosa, if not to other species. 

Specimen 1.—ScuH.ZRER exs. 275 (sub L. euphorea, Flk.); on stones, Gastern. 

This is referrible to C. gracilis. The spermogones are large barrels, three or four 

of which are seated on the margins of each of the small narrow scyphi, which 

terminate the short slender podetia. No. 274 (sub £. aplotea, Flk.}, from the same 

locality in my copy, is not distinguishable from No. 275, either as to its thallus or 

spermogones. 

Specimen 2.—Kollong, Khasia, Himalayas; temperate region, at an elevation 

of 5000 feet; collected by Dr Hooker and Dr THomas Tuomson. The spermo- 

gones are abundant and large. Another specimen, also in the Hookerian Herba- 

rium, NYLANDER seems to refer to squamosa, but it is really intermediate between 

squamosa and furcata. It has abundance of large spermogones, on dark-brown 

dingy degenerate podetia. 
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SPECIES 5. C. cenotea, Scher., 

Which grows in Europe and North America; it seems to me to belong to C. pyxidata. 

Specimen 1.—ScH@RER exs. 71; on the ground and the putrid trunks of 

trees, in hilly and alpine regions, Switzerland. There are no apothecia; the 

scyphi are not much dilated, and the spermogones are marginal, and precisely of 

the characters of those of C. pyxidata. 

Specimen 2.—(sub C. trachiata, Fr.) Mahourat; Spruce’s “ Lich. Pyreneei ;” 

in Herb. Hooker, Kew. The podetia are sub-digitately divided above, and are 

covered throughout with an abundant gray pruinosity. The spermogones here, too, 

are those of C. pyxidata. 

SPECIES 6. C. gracilis, Fr., 

Like C. pyxidata and C. jimbriata, a cosmopolite. It has two principal varieties, 

verticillata, Fr., which occurs in Europe, America, and Australia, and cervicornis, _ 

Ach., which is confined in its range to Europe. 

Specimen 1.—Blaeberry Hill, Perth, April 1856, W. L.L. The spermogones 

occur on the margin of the small scyphi, which terminate the long slender podetia ; 

they exactly resemble those of C. pyxidata. 

Specimen 2.—Lion’s Face, 1844, and Sidlaw Hills, 1846, Forfarshire; Gar- 

DINER of Dundee; in Herb. Hooker, Kew. Plant bears both apothecia and sper- 

mogones; the latter as in No. 1. 

Specimen 3.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker (sub Cen- 

omyce ecmocyna, Ach., var. a.; the var. gracilis of NyLANDER). This is a long, 

delicate, graceful form, the podetia being simple and cylindrical, and abundantly 

clothed with scales or folioles. The spermogones are few, terminal, isolated, 

short, deep-brown, barrel-shaped organs, closely resembling those of C. furcata 

or C. rangiferina. The ostiole is large and distinct. 

Specimen 4.—Falkland Islands, Antarctic Expedition, 1889-48, Dr Hooxer. 

The thallus is much broken up; the spermogones are few and old, scattered on 

the margins of the scyphi. There are no free spermatia. ‘The sterigmata are 

elongated and hypertrophied, filling the cavity of the spermogone; they are very 

delicate, linear, and ramose at the base. 

Specimen 5.—Var. elongata, Fr. and Nyl., Disco Island; Lyatt, 1854. Avery 

long and graceful form, with abundant spermogones. 

Specimen 6.—ScHARER exs. 67 (sub @. hybrida, C. elongata); on the ground 

in alpine districts. The spermogones occur on the ends of elongated, sterile 

podetia; they are largish and barrel-shaped, but are old. The sterigmata are 

elongated, hypertrophied, and very ramose, filling the cavity of the spermogone, as 

in No. 4; a phenomenon which is common in the old spermogones of all the Cla- 

donias. 
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Specimen 7.—ScHAERER exs. 641 (sub 6. turbinata squamulosa); in woods in 

the valley of the Lauen. The spermogones are small pale-brown barrels or flat- 

tened cones, fringing the terminal scyphi like so many teeth. The ostioles are 

very distinct; the spermogones are old, and contain no free spermatia. 

Specimen 8.—Var. verticillata, Fr., which occurs in Europe, America, and 

Australia; New Zealand, Antarctic Expedition, 1839-43, Dr Hooker. Specimen 

associated with C. aggregata. The spermogones are small, barrel-shaped, brown 

tubercles, with distinct ostioles, occurring on the margins of the scyphi. The sper- 

matia are curved and very delicate; about anth to azoth long. 

Specimen 9.—Var. verticillata, SCcHHRER exs. 62 (sub C. verticillata, A. dila- 
tata); on ground in alpine districts, Switzerland. The spermogones are precisely 

as in No. 8. 
Specimen 10.—Var. cervicornis, Ach. (syn. Cladonia or Cenomyce cervicornis of 

authors); Morven, Braemar, Professor Dickie of Belfast; in Herb. meo. The 

spermogones fringe the small, cup-like, dilated ends of the short narrow podetia, 

which spring at right angles from the horizontal foliose thallus. 

Specimen 11.—Var. cervicornis ; top of Muckish Mountain, County Donegal, 

Ireland, Professor Dickin; in Herb. meo.~ The podetia are very deformed, short, 

thick, and covered with warts or processes. The spermogones are dotted over 

the podetia themselves, as well as seated on the warts or processes just mentioned. 

Specimen 12.—Var. cervicornis ; Blaeberry Hill, Perth, April 1856, W. L. L.; 

very abundant; seldom bearing podetia or apothecia; in ceespitose thick tufts. 

On the margins of the scyphi, which terminate some of podetia, are a few broad. 

bulging, sub-spherical spermogones, with gaping ostioles. 

Specimen 13.—Var. cervicornis ; Ben Nevis, 1856, W. L. L. Large barrel- 

shaped spermogones occur, growing upright from the horizontal folioles, as well 

as fringing the scyphi on the longish delicate podetia. They are apt to be con- 

founded with the numerous abortive apothecia ; but their more regular form, and 

the presence of the ostiole, generally suffice to distinguish the spermogones. 

Specimen 14.—Var. cornuta ; Craig-y-Barns, Dunkeld, 1856, W. L. L. No 

apothecia; but largish, barrel-shaped, distinct spermogones fringe the scyphi. 

Speciinen 15.—Scu@RER exs. 66 (sub 6. hybrida, B. simplex); on the ground 

in alpine districts. Large, barrel-shaped spermogones fringe the scyphi, and are 

sometimes intermingled with apothecia on the same scyphus. 

SPECIES 7. C. squamosa, Hoffm., 

Like C. pyaidata, C. fimbriata, and C. gracilis, a cosmopolite. Indeed the genus 

Cladonia contains at least as many cosmopolite species as any other lichen-genus. 

There is great variety in C. squamosa in the form of the thallus, and equal variety 

in the site of the spermogones. They may be isolated and terminal; seated on 

the ends of long graceful cylindrical podetia, as in KorBER’s var. @ asperella ; or 
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grouped on the margins of very irregular dilacerate scyphi, or seated on longish 

prolongations from the margins of the same scyphi. In all these cases, however, 

they are barrel-shaped, and as in the species already described. 

Specimen 1.—Blaeberry Hill, Perth, April 1856, W. L. L. The spermogones 

are terminal, as in Korper’s var. 8. asperella. Ben Nevis, August 1856, W. L. L. 

Here also they are terminal on podetia resembling those of C. gracilis. 

Specimen 2.—Hills east of Glen Callater, Braemar, August 1856, W. L. L. 

Apothecia and spermogones occur on the same podetia, but on different branches 
thereof; the spermogones being placed on the higher ones. The ostioles are very 

large and patent ; the envelope is of a dense brown cellular tissue. The spermatia 

are curved, about guth long, nearly straight while attached to their sterigmata. 

Specimen 3.—Australian Alps, Muuurr, 1855; in Herb. Hooker, Kew. The 

plant seems rather referrible to C. gracilis; it is simple, and scarcely squamose. 
The spermogones are as above. 

Specimen 4.—ScHARER exs. 74 (sub C. ventricosa, a. microphylla, C. cymosa) ; 

on the ground and on decayed tree-trunks, in woods, Switzerland. Small but. 

very distinct barrel-shaped spermogones are studded over the ends of very irregular 

ramose ramules. 

Specimen 5.—ScHZRER exs. 73 (sub C. ventricosa, a. microphylla, B. proli- 

fera); on the ground and decayed trunks of trees, in woods, Switzerland. The 

spermogones are terminal, as in C. furcata. 

Specimen 6.—Var. anomea (syn. Scyphophorus anomeus, Hook., E. B. 2d ed., 

p. 91, Tab. 2283; Ist ed. Lechen anomeus, T. 1867 ; Hook. Br. Flora, 238, vol. ii.) ; 

Kelly’s Glen, D. Moore; in Herb. Carroll. No apothecia. Spermogones terminal, 
young, contain no free spermatia. 

Specimen 7.—Vayr. ccespititia, Ach.; occurs in Europe and America. ScHARER 
exs. 280 (sub C. ventricosa, y. fungiformis); in woods, Switzerland. The sper- 

mogones are seated directly on the folioles or scales of the horizontal thallus; 

they are barrel-shaped; blackish or deep brown; large and distinct, and have 

certainly a fungoid aspect. The spermatia and sterigmata have the usual cha- 

racter ; many of the latter in old spermogones are elongated and hypertrophied. 

SPECIES 8. C. alcicornis, Flk., 

Which grows in Europe, Africa, and America. This species is of great interest, 

as being one of the lichens in which Irzicsoun first discovered the existence of 
spermatia.* He, however, described these corpuscles as Spermatozoids, endowed 
with animal motion. This motion is now proved beyond a doubt to be merely the 

Brownian movement of minute particles of matter, organic or inorganic alike, in 

a fluid. ‘The barrel-shaped spermogones are here generally seated directly on the 

* Botanische Zeitung, p. 913. 1850. 
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folioles of the horizontal thallus. The diameter of the spermogone is about jth. 

The spermatia are generally curved when free, but frequently straight while at- 

tached. I can draw no good distinction between C’. endivicfolia, the cervicornis 

variety of C. gracilis, and this species. They appear to me to differ essentially 

only as to the size of the folioles of the horizontal thallus, while podetia are rare 

in all. Certainly the spermogones are the samein all three. I should feel inclined 

to bring them all under C. pyxidata. Podetia, bearing both apothecia and sper- 

mogones, in a specimen in LEtcuron’s exs. 15, are quite those of C. pyxidata. 

Specimen 1.—LeE1cuton exs. 15; Haughmond Hill, Shropshire ; Engl. Bot. 1392. 

The spermogones are on the margins of the podetial scyphi; they are largish, 

deep brown, barrel-shaped, and quite those of C. pyaidata. On the lower or paler 

surface of the folioles of the horizontal thallus are scattered sparingly, in the 
right-hand specimen in my copy, distinct black cones or papillee, semi-immersed. 

These are pycnides, but unassociated with either apothecia or spermogones of 

any kind. Ihave great hesitation in regarding them as belonging to this Cladonia, 

inasmuch as I have not elsewhere found them in this genus. I am therefore 

rather inclined to look upon them as accidental parasites. They contain stylo- 

spores, oval or oblong-oval, generally more or less curved, but very irregular in 

form. 

Specimen 2.—(Sub nom. C. damecornis, Ach.); Suffolk; in Herb. British 
Museum, London. It has abundance of large barrel-shaped spermogones, scat- 

tered on the folioles of the horizontal thallus. 

Specimen 3.—In Herb. Menziesian, Royal Botanic Garden, Edinburgh ; habitat 

not given. It possesses only spermogoniferous podetia ; which is generally, if not 

always, the case in Scotch specimens also. 

Specimen 4.—Aldborough, Sir T. Gace; in Herb. British Museum. Spermo- 

gones as in No. 2. 

Specimen 5.—ScHARER exs. 455 (sub C. foliacea, a. alcicornis); near Vire; 

Petver. The spermogones here also are seated directly on the folioles. The 

spermatia are about ;,th long, the sterigmata, with spermatia attached, ;;,th. 

SpEcIES 9. C. endiviefolia, Fr. 

Specimen 1.—LavinGF, 1814; Observation Inlet, ScouLER; in Herb. Hooker, 

Kew. The spermogones are sometimes distributed on the surface, sometimes on 

the margins of the thalline folioles; occasionally on the edges of the cup-shaped 

terminations of very irregular and deformed podetia, which rise directly from the 

surface of the larger folioles. They are precisely those of the preceding species, 

from which the present appears to me to differ in no essential respect. 

Species 10. C. Papillaria, Hoffm., 

Which occurs in Europe and North America. This is altogether an anomalous 
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and exceptional species, which is arranged in a sub-section by itself, Pycnothelia, 

Duf. Its spermogones, however, resemble those of C. pyaxidata. 

Specimen 1.— Appin and Ben Nevis; in Herb. Hooker, Kew. The podetia 

are largish and irregular, with abundant spermogones and apothecia. 

Specimen 2.— SCHARER exs. 511 (sub A. clavaia); heaths or moors, Switzer- 

land. The spermogones are mostly old; they are small, distinct, brown cones or 

papillze, scattered in groups on the sides of the large irregular podetia. The 

spermatia are about th long, chiefly straight or very slightly curved ; many of 

the sterigmata are hypertrophied and elongated. 

Specimen 3.—ScH@RER exs. 512 (sub B. molarifurmis, Hoffm.). Here the 
spermogones are somewhat differently disposed. They are largish, brown, distinct, 

irregular, flattened tubercles, seated directly on the thallus, like the apothecia of 

a Lecidea. The spermatia and sterigmataare as in all Cladonias. The former are 

crescent-shaped, and about sath long; the latter, with spermatia attached, 

measure about ;ath. 

Species ll. C. bellidiflora, Scher., 

Which inhabits cold, alpine, or sub-alpine regions in Europe and America. The 

spermogones of this and other species with red apothecia do not differ, except in 

colour, from those of species such as C. pyxidata, having brown fruit. Nor do 

the spores differ. Indeed, it admits of doubt whether the mere colour of the 

apothecia should be regarded as at all a good distinctive mark of sections or 

species of Cladonia; for the apothecia are occasionally indiscriminately red or brown 

in the same species. I am of those who would abolish the distinction, and would 

merge the phzeocarpous and erythrocarpous sections of NYLANDER into one. 

Specimen 1.—Ben Nevis, Aug. 1856, W. L. L.; form polycephala of Kors., p. 29. 

A few tub-shaped spermogones occur on the apices of narrow long cylindrical 

podetia,—the stronger podetia bearing on their summits apothecia. Spermogones 

also occur on the margins of indistinct scyphi. In some deformed sterile states 

they are abundantly scattered over the podetia towards their apices, as large, 

distinct, brown, broad-based cones, with a very patent ostiole. In other podetia, 

which are very foliose or squamulose, the large tub-shaped spermogones—among 

the largest indeed I have ever seen—are seated directly on these squamules or 

folioles, especially near the ends of the podetia. The cavity contains abundance 

of rose-coloured mucilage, in which are imbedded curved spermatia, about zath 

long. ‘The sterigmata are of the usual characters, as described in C. pywidata. 

it is note-worthy that the colour of these spermogones externally is brown, and 

that their envelope consists of a brownish cellular tissue. Their cavity is 

simple. 

Specimen 2.—SCHARER exs. 39 (sub C. bellidiflora, B. ampullifera); on ground 

and stones in alpine districts, Switzerland. The scyphi bear no apothecia; but 
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are spermogoniferous, their margins being fringed with dark brownish-red 

spermogones, like small barrels or cones flattened on the top, or somewhat 

irregular. Red mucilage abounds in their cavity. 

Specimen 3.—Kelly’s Green, Ireland, D. Moore; in Herb. Carroll, Aug. 1853. 

The folioles of the horizontal thallus are studded over with the apothecia and 

spermogones of Lecidea cladoniaria, Nyl., which occur also on the scales of the 

podetia from the base to their apex. The apothecia are black, discoid, semi-im- 

mersed, resembling those of LZ. oxyspora, as it occurs on Parmelia saxatilis, 

P. conspersa, and Platysma glaucum. The spermogones are minute, brown or 

black, punctiform, scattered among the apothecia. The spermatia are largish and 

ellipsoid, resembling those of Lecidea abietina, and are borne on very short, 

simple, linear sterigmata. Irefer to L. cladoniaria here only with a view to 

show that there is no danger of confounding either its apothecia or spermogones 

with the spermogones of Cladonia bellidijfiora. 

Species 12. C. cornucopioides, Fr., 

A cosmopolite species. I must confess my inability to perceive any good 

distinctive marks between this and the preceding or following species. Indeed, 

I regard C. bellidiflora as a type or species, including C. cornucoptoides, C. 

macilenta, C. digitata, and C. deformis, just as I hold C. pyaidata to embrace 

C. fimbriata, C. degenerans, pro parte, and C. cornuta. C. cornucopioides is the 

familiar C. coccifera of older authors. 

Specimen 1.—Falkland Islands; Antarctic Expedition, 1839-43, Dr Hooker. 

Spermogones occur on the margins of the scyphi, as small, but distinct, round, 

flattened, brown tubercles, pierced with distinct ostioles. They are all old, and 

contain no free spermatia. 

Specimen 2.—Var. pleurota, Flk. A cosmopolite variety; appears to me to be 

merely a spermogoniferous form, bearing the same relation to C. cornucopioides 

that jiimbriata does to C. pyaidata. The spermogones are red; the apothecia few. 

Scotland; collected by ALEXANDER Menzies himself; in Menziesian Herb., Royal 

Botanic Garden, Edinburgh. 

SPECIES 13. C. macilenta, Hoffm., 

Likewise a cosmopolite. This is the familiar jiliformis of the older authors. 

Korper’s var. clavata, p. 31, is probably a spermogoniferous state :—“thallo 

clavato-ventricoso subulato substerile.”’ 

Specomen 1—Ben Nevis, Aug. 1856, W. L. L. From the ramules bearing 

apothecia there sometimes branch off, a little below the apothecia, spermo- 

goniferous ramuscles, bearing at their ends, in groups of three or four, brown 

barrel-shaped spermogones. 

Specimen 2.—Scu#RER exs. 33 (sub C. jiliformis, A. cornuta); on peaty 
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earth. The margins of the cup-like, dilated ends of the podetia are fringed with 

large barrel or cone-shaped, deep-brown spermogones, generally in groups of 

four or five. The cavity is apparently compound and sinuous—a phenomenon that 

is unusual in the Cladonias. 

Specimen 3.—ScHAERER exs. 36 (sub C jiliformis, D. ramulosa). The spermo- 
gones are as in No. 2, but smaller. 

Specimen 4.—Var. polydactyla, F\k., which occurs in Europe and America. 

Scu#reEr exs. 454 (sub C. incana, y. polydactyla); near Vire, PELVET. The sper- 

mogones are brownish-red barrels, grouped in three or four, on the margins of the 

narrow closed cups in which the podetia terminate. The spermatia are about zath 

long; and the sterigmata jo:th. 

Species 14. C. digitata, Hoffm., 

Which occurs in Europe, Asia, and America, and which, I think, stands in the same 

relation to C. bellidifiora or C. cornucopioides that C. jimbriata does to C. pyxidata. 

Specimen 1.—Ben Nevis, Aug. 1856, W. L. L. The plant is more or less 

deformed ; it is scyphiferous, but the scyphi have seldom an equal or even edge. 

More generally they are ragged and lacerated; sometimes give off a series of 

irregular digitate prolongations from their margins. The spermogones are 

beautiful scarlet flattened cones, seated on the margins of the scyphi, or of the 

prolongations therefrom just described. Their envelope consists of a dense red- 

dish cellular tissue. C. digitata graduates sometimes into the following species. 

Species 15. C. deformis, Hoffm., 

Almost a cosmopolite, occurring in Europe, Asia, America, and Australia. As a 

general rule, it is not found bearing apothecia, but occasionally spermogones are 

met with. 

Specimen 1—Howth, August 1853, Moore; in Herb. Carroll; no apothecia. 

This seems: to me merely the cornuta form of C. bellidiflora, such as occurs abun- 

dantly on Kinnoull Hill, Perth, and Craig Vinean, Dunkeld. The spermogones 

are small scarlet cones, fringing the occasional obscure terminal scyphi. 

Speciinen 2.—ScHARER exs. 49 (sub a. vulgaris, ¢. gonecha, Ach.); in alpine 

regions, Switzerland. The left-hand podetium in my copy (ed. alt. immut., 1842) 

is dotted over, especially inferiorly, with small, black, round cones, which are 

pycnides. The stylospores are largish, distinct, very numerous, and very variable 

as to form; the sterigmata are short and simple. Their position would lead me 

to look upon them as parasitic rather than as belonging to the plant on which 

they occur,—hecause, 1. I have found them only in another instance—C. Papillaria ; 

2. Their situation is not that of the spermogones of C. deformis ; and 3. Their 

colour and general character differ in toto from those of the said spermogones. 
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Species 16. C. uncialis, Hoffm., 

Which occurs in Europe, America, and Asia. This and the species to follow 

are characterized by the absence of scyphi; in them the spermogones are terminal 

and more prominent than in those which have preceded. 

Specimen 1.—Moors about the Stro Rock, Isle of Skye, Aug. 1856, W. L. L. 

The spermogones are generally in groups of two or three, constituting or crowning 

the terminal horns of the podetia; their brown colour, in contrast with the straw- 

yellow of the podetia, renders them very distinct. They vary in length, being 

elongated and subfusiform or subspherical. The ostioles are large and patent in 

the older ones. The spermatia are chiefly straight—all the attached ones are; 

some are slightly curved ; their length is about ath. 

Specimen 2.—Hills east of Glen Callater, Braemar, Aug. 1856, W. L. L. The 

spermogones are distinctly-bulging barrel-shaped organs, with a perceptible 

ostiole. Their spermatia, as in No. 1, are straight or curved—the former while 

attached; their length is about goth. 
Specimen 3.—Ben Lawers, Aug. 1855, Dr Giitcurist of Dumfries. The barrel- 

shaped spermogones bulge most superiorly ; their base or pedicel is narrow. But 

there is always a distinct line of separation between the spermogone and podetium, 

both in respect to colour and thickness. 

Specimen 4—Rorrie Moor, near Forfar, A. Croatu of Montrose; in Herb. 

Hooker, Kew. Has the same spermogones as in No. 3. 

Specimen 5.—ScH@RER exs. 82 (sub C. stellata a. uncialis); on ground in 

the Alps and valleys of the Jura. Exs. 513 (sub C. stellata 8. ceranoides); on the 

ground on moors; has its spermogones on the horns or tips of large handsome 

podetia. Lake-coloured mucilage abounds in their interior, and this is note- 

worthy, seeing that the spermogones themselves are brown. ‘The spermatia are 

crescent-shaped, and about aoth long; the length of the sterigmata is about sth. 

Exs. 514 (0. adusta) has the spermogones just described. 

SPECIES 17. OC. turgida, Hoffm., 

A native, according to NyLANpER, of Europe, Asia, and America. I look upon it 

simply as a form, and a very ill-marked form frequently, of the preceding species, 

the podetia being usually shorter, thicker, darker, and considerably deformed. 

NYLANDER places C. turgzda, in his classification,* between furcata and rangiferina- 

Specimen 1.—Summit of the Bassies, Clova, 1843, GARDINER; in Herb. Hooker, 

Kew (sub nom. C. wncialis B. turgida). Possesses spermogones only, which are 

precisely those of C. uncialis. 

* Hnumération générale des Lichens, p. 95. Cherbourg, 1858. 
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Specimen 2.—Scu @RER exs. 83 (sub C. stellata y. obtusata), and 84 (6. turgida), 

both on the ground in alpine regions, Switzerland. Have old spermogones, contain- 

ing no free spermatia, which are also quite those of C. wnevalis. 

Specimen 3.—Kamkola, Sikkim, Himalaya, alpine region, about 15,000 feet 

high, Dr Hooker ; in Herb. Hooker, Kew. Appears also simply a turgid form of 
C. uncialis. It possesses spermogones, but no apothecia. 

Species 18. C. amaurocraa, Fik., 

Which occurs in Europe, Asia, America, and Australia; it is closely allied also to 

C. uncialis, from which it differs chiefly in its more compound or ramose thallus. 

Specimen 1.—Var. capitellata, Bab. in “ Flora of New Zealand,” (Hooker fils.), 

(syn. C. capitellata, Bab.) ; New Zealand, CoLenso; in Herb. Hooker, Kew. The 

apothecia and spermogones are quite those of wncialis. The latter are generally 

terminal and erect, but they also occur occasionally scattered on the sides of the 

ultimate ramuscles of the thallus, from which they project peg-like at right angles. 

The spermatia are always curved when free; their length is about sath, with a 

breadth of sa;th. When attached, however, they are frequently straight and 

very long—at least double the length of the free spermatia, a circumstance I have 

already more than once pointed out as occurring in lichens. The sterigmata are 

long and filiform—ramose below; their length is about yath to guth. 

Species 19. C. furcata, Scher., 

A cosmopolite species, having two main varieties—racemosa, Scher., and pungens, 

Ach., both of which occur alike in Europe, Asia, and America. The spermogones 

of this species are generally among the largest and most distinct of those of Cla- 

donia. The ostiole also is usually large and easily perceptible. The spermatia 

are generally curved, and about amth, sometimes only south, long. 

Specimen 1.—Craigie Hill, Perth, April 1856, W. L. L.; with apothecia. The 

thallus is of a dark-brown, and the brown terminal spermogones are not, there- 

fore, so easily recognised as in species with a straw-coloured thallus. They are 

here short, broad, and bulging. 

Specimen 2.—Suffolk, Ben Cruachan, 1810, Borrer; in Herb. Hooker, Kou 

are spermogoniferous only, as is the case in a specimen from Wales in Herb. 

British Museum, London. 

Specimen 3.—Ingleby Park, Cleveland, Yorkshire, 1856; coll. W.Mupp. The 

podetia are slender, ramose, and closely aggregated; the spermogones small, and 

sometimes on apices, slightly nodding, as in C. rangiferina. 

Specimen 4.—(Sub Cenomyce bacillaris, Ach.) \ Falkland Islands, Antarctic 

Expedition, 1839-43, Dr Hooker; in Herb. meo. Thespermogones are abundant 

as the short, bulging, barrel-shaped apices of the bifurcate extremities of the 

ultimate ramuscles. Specimens (sub nom. C. gracilis) from the Falkland Islands 
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and Cape Horn, coll. by Dr Hooker, and in Herb. Hooker, Kew, seem to be the 

same plant, which is here spermogoniferous only. The ramules are frequently 

black, straggling, and very delicate. 

Specimen 5.—Pic d’Orizaba, Cordillera (Vera Cruz), Mexico, at an elevation of 

11,000 to 12,000 feet; coll. by H. Gateorri, 1840, No. 6906; also from the same 

locality, 1838, coll. by J. Linpen, No. 102; both in Herb. Hooker, Kew; sper- 

mogoniferous. 

Specimen 6.—ScHARER exs. 22, Switzerland ; associated with Cetraria 

islandica. The spermogones are large distinct barrels. 

Specimen 7.—Var. racemosa, Sch.; on old walls, Caerlaverock Road, Dumfries, 

August 1856, W. L. L. The podetia are dark-coloured, and are covered with 

furfuraceous granules, scales, or folioles, from base to apex. The spermogones are 

short, and sometimes so broad and subspherical as to resemble young apothecia. 

They crown the delicate ultimate ramuscles, which are lax and patent. The 

spermatia are chiefly straight, and about jth long. Some of the sterigmata are 

subarticulate, consisting of a few linear cells, placed in superposition, or branching 

off laterally in groups, in which case the sterigmata are very ramose, and some- 

what longer than usual. 

Specimen 8.—Var. racemosa; Le1GHTON exs. 16, Haughmond Hill, Shropshire ; 

a few apothecia. The spermogones are chiefly old, containing no free spermatia. 

The sterigmata are very irregular in form, and thickened. 

Specomen 9.—Var. racemosa; Sandhills, Newcastle, County Down, Ireland ; 

Professor Dicxiz. The plant is dwarf, deformed, and bears no apothecia. The 

Sspermogones are few, young, and contain no mature or free spermatia. 

Specomen 10.—Var. racemosa ; rocks, Mount Wellington, Van Dieman’s Land, 

Mossman, 1850; in Herb. Royal Botanic Garden, Edinburgh. Plant spermo- 

goniferous only. 

Specimen 11.—Var. racemosa; SCHERER exs. 80 (sub C. fruticosa a. racemosa) ; 

on the ground in woods, Switzerland ; also exs. 81 (0. furcata). In both, the sper- 

mogones have the usual characters. 

Specimen 12.—Schooley’s Mountains, North America, July 1856, Dr A. O. 

Bropiz. Spermogones have the characters of those of British plants or specimens. 

Specimen 13.—Singalelah, Sikkim, Himalaya, alpine region, at an elevation of 

11,000 feet; Chongtan, Sikkim, temperate region, at 8000 feet; Lachoong, Sikkim, 

temperate region, at 9000 feet—all collected by Dr Hooxer. Churraand Khasia, 

subtropical region, at 4000 feet; Kollong, Khasia, temperate region, at 5000 feet ; 

coll. by Drs Hooker and Tuos. Toomson ; all spermogoniferous, but bearing no apo- 

thecia. New Zealand, Dr Jotirre; thallus very white and delicate, and minutely 

scaly. St Domingo, ScHomBURGK; very pale, thin, delicate podetia. Jamaica; 4—6 

inches tall. Ohio, Lea; Cedar Swamp, near Urbana; spermogones abundant and 

distinct. Boston. Switzerland, near Chateat d’Oex. FRANKLIN’s first journey ; 
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British North America (sub nom. C. furcata, var. subcrispata, Nyl., and C. 

crispata, Ach., Nyl., both of which seem referrible to racemosa); apothecia and 

spermogones both well formed. All the specimens comprised in No. 13 are in the 

Herb. Hooker, Kew. ; 

Specimen 14.—Var. pungens, Ach. (syn. C. pungens, Delise, Hook. British 

Flora, 235; Kors., 35; C. furcata e. rangiformis, Scu. Enum. 202; C. furcatary. 

fruticosa, Sou. exs. 459). This variety graduates into racemosa, and both into 

C. rangiferina. They are chiefly distinguished usually by their squamulose 

surface, gray colour, and ramose character. Blaeberry Hill, Perth, April 1856, - 

W.L.L. The podetia vary much; some are turgid, thick, short, and covered 

profusely with scales or folioles; others are long, lax, and have more of the usual 

character of furcata. The turgid pale form closely resembles C. rangiferina, 

from which it is sometimes scarcely distinguishable. In all forms the spermo- 

gones are brown barrels, seated on erect apices of the ramuscles; they differ 

much in size, being short and broad, or elongated and narrow. 

Specimen 15.—Var. pungens ; old road to Caerlaverock, Dumfries, on a wall, 

April 1856, W. L. L. The podetia are of a light gray colour, and covered in- 

feriorly with squamules, superiorly with granules. The spermatia are straight, 

and of unusual length; the sterigmata are also longer than usual—some of them 

being articulated, as in No. 7, which is nearly identical with this variety also 

as to the thallus. 

Specimen 16.—Var. pungens (sub Bwomyces pungens), Thetford ; also Esher 

Common, Surre y; in Herb. Hooker, Kew. Spermogones abundant. 

SPEcIES 20. C. rangiferina, Hoffm., 

A cosmopolite species, and one of the most familiar of the Cladonias. Its chief 
varieties, according to NYLANDER, are sylvatical, and alpestris, L.; like their 

type, both are cosmopolites. The spermogones are quite the same in the varieties 

as inthe type. These varieties have not, I think, any good distinctive characters, 

unless in regard to the height, strength, and ramoseness of the thallus ; in a/pestris, 

the thallus is very ramose, and the ramuscles densely aggregated and thyrsiform. 

In general terms, the spermogones of this species are those of C. furcata, both in 

regard to site, appearance, and structure; they are uniformly, however, smaller 

in all their dimensions. The apices of the ramuscles on which they are seated, or 

which they constitute, are frequently nodding, but frequently also erect, as in fur- 

cata. In arctic and antarctic specimens especially, the ramuscles of the thallus are 

extremely attenuated, and the spermogones are correspondingly so; in this case the 

latter are linear or ellipsoid bodies, giving a nigro-corniculate character to the tips 

of the ramuscles. The spermogones are generally grouped two or three together, 

in consequence of the bifurcation or further division of the ends of the ramuscles. 

Their cavity is simple. Their diameter is about ;;th; their length ath or th. 
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The spermatia are about sth to moth long; their breadth about s:a,th. The sper- 
- matiferous, or ordinary sterigmata, are sometimes associated with sterile, hyper- 

trophied, ramose filaments, as in Ramalina; but the latter are seldom or never 

so long or so ramose as in that genus. 

Specimen 1.—Blaeberry Hill, Perth, April 1856, W. L. L. Abounding in apo- 

thecia, as well as spermogones. The ramuscles, or their divisions, which bear the 

spermogones, are as erect as those which bear apothecia. The nodding apices 

bear only sterile or abortive spermogones; the latter are of the same thickness 

as their pedicels, whereas the fertile spermogones always bulge out distinctly, 

and generally show a perceptible terminal ostiole. Theramuscles bearing spermo- 

gones and those bearing apothecia are intermixed; when the former ramuscles are 

longer than the latter, the spermogones are frequently found drooping over the 

apothecia. 

Specimen 2.—Hills east of Glen Callater, Braemar, August 1856, W. L. L. 

Both apothecia and spermogones occur. The plant is large and coarse; the podetia 

vary in tint from straw-yellow to leaden-gray; they are also very granular and 

rough; sometimes covered with mealy warts. The spermogoniferous ramuscles 

are erect. The spermatia are either straight or curved, about sath to snth long; 

the sterigmata are sometimes sub-articulate and very ramose; long, linear, 

extremely delicate cells being given off in place of branches. 

Specimen 3.—Ben Lawers, August 1855, Dr Gitcurist. No apothecia. Here 

the nodding apices are all spermogoniferous; the spermogones being linear and 

elongated rather than barrel-shaped. The thallus is dark-gray. 

Specimen 4.—Long Island, North America, May 1856, Dr A. O. Broprz. The 

spermogones are abundant, short, and inconspicuous. The spermatia are very 

small but curved, about ath long; the sterigmata are also very short, about. sa:th 
long, becoming, with age, sterile and brown. The podetiaare sometimes covered 

from base to apex with irregular bullose warts; the latter are perforated here and 

there as if with ostioles, and they then closely resemble the spermogones of some 

crustaceous lichens; but their internal structure is only that of thethallus. The 

apothecia on the same deformed podetia are frequently single, and are sometimes 

studded over with spermogones, which project at right angles like pegs, or radii 
from the spoke of a wheel. 

Specimen 5.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker. Both 

apothecia and spermogones occur, the latter only sparingly, however. The sper- 

mogoniferous ramuscles are stellate-patent or erect; they are sometimes short, 

thick and rigid, and fastigiately ramose, and then the spermogones constitute 

little horns or teeth, crowning their apices. This form of thallus agrees with the 

vars. e. alpesiris and @. incrassata of ScH#RER, Enum. p. 203. In the more 

common form of the plant, the ultimate ramuscles and spermogones are much 

more narrow and delicate than those in British specimens. The spermatia are 
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generally straight, about aaoth to smth long; some of them are slightly curved, 

thickish, and short. The sterigmata are frequently of the same thickness as the 

spermatia, which, indeed, appear given off as ultimate joints or articulations, as in 

Ramalina ; they are frequently of a brown colour in old age. Elongated, sub- 

simple, or sub-ramose filaments also frequently, especially in the older spermogones, 

project from among the ordinary spermatiferous ones into the cavity of the sper- 

mogone, which they fill, as in Ramalina. 

Specimen 6.—Falkland Islands, Antarctic Expedition, 1839-43, Dr Hooker. 

The plant more resembles our British plant than Dr Hooxer’s Tasmanian speci- 

mens; the thallus is of a pale straw-yellow colour, granular or mealy on the sur- 

face, resembling herein Swiss or Norwegian specimens of var. alpestris. Many of 

the sterile ramuscles are not at all coloured at the apex; in others the spermo- 

gonesare short and degenerate, or abortive. The spermogones are frequently 

black; their ostiole is generally patent and large; the ramuscles, on which they 

are seated, are always erect, never nodding. ‘They are in some specimens associ- 

ated with apothecia, which are quite those of our British plant. 

Specimen 7.—Wallanchoon, Sikkim, Himalaya, alpine region, at an elevation 

of 13,000 feet; Jongri, Sikkim, alpine region, at 12,000 feet; Lachoong, Sikkim, 

temperate region, at 4000 to 7000 feet, with apothecia; Lachen, Sikkim, alpine 

region, at 14,000 feet; Kambachen, Sikkim ; Yongma Valley, East Nepal ; all col- 

lected by Dr Hooker, and all in Herb. Hooker, Kew. All the specimens are 

spermogoniferous. 

Specomen 8.—Var. portentosa, Duf., Nyl.; summit of Lion’s Face, 1844, Gar- 

DINER; Pentland Hills, 1828, sender’s name not given; also a specimen from 

GARDINER, habitat not given; all in Herb. Hooker, Kew. This variety appears 

merely a form with a coarse thick thallus, the spermogoniferous ramuscles being 

short and closely aggregated. 

SPECIES 21. C. retipora, Fk. 

This is one of the most beautiful of Australian and Tasmanian lichens, in 

consequence of the reticulated or fenestrated character of the thallus. 

Specimen 1.— Tasmania, Antarctic Expedition, 1839-43, Dr Hooxsr. Its 

spermogones are precisely similar, in site and structure, to those of the preceding 

species, but they are smaller, and always erect. They are frequently so minute, 

as to be with difficulty recognised even under the lens ; and are sometimes so rare, 

that a great many specimens may be examined without finding them. They are 

grouped as little, dark-brown horns, on the apices of the broad cancellated 

podetia. 

SpeciES 22. C. aggregata, Sw., Eschw. 

(Syn. Dufourea ocllodes, TAYLOR); occurs in equatorial Africa, America, Asia, 

and Australia. 
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In the character of its thallus, it closely resembles the preceding species. 

Taytor has associated this species with Dufourea, but very erroneously, I think ; 

for the spermogones and spermatia, as well as the apothecia and spores, are those 

of Cladonia. Its spermogones and their contents are as described under C. 

rangiferina and C. retipora. 

Specimen 1.—Falkland Islands, Antarctic Expedition, 1839-43, Dr Hooker. 

Both apothecia and spermogones are abundant. The podetia or divisions of the 

thallus bearing these different forms of reproductive organs differ remarkably in 

size and form. Those bearing apothecia are broad, short, thick, fastigiate supe- 

| riorly ; the apothecia are much more crowded than in C. rangiferina, whose apo- 

thecia they otherwise resemble. ‘The podetia or ramules bearing spermogones, 

/ on the other hand, are narrow and delicate, ramose, much attenuated and elon- 

| gated towards the apices, which generally bifurcate or divide into two or three 

patent erect ramuscles or horns, each of which bears a single oblong or barrel- 

| shaped spermogone, generally longer than, but otherwise resembling, the same 

| organ in C. rangiferina. It is the podetia bearing apothecia chiefly that are reti- 

porous and spongiform, as in C. retipora. 

Specimen 2.—Tasmania, Antarctic Expedition, 1839-43, Dr Hooker. In 

some specimens, I have seen delicate narrow podetia dividing at the apex into 

two terminal ramules, one thick and bearing apothecia, the other attenuated and 

bearing only spermogones. Other specimens were spermogoniferous only; the 

podetia were as strong, dark-coloured, and thick, as those usually bearing apo- 

thecia, sometimes even fastigiate superiorly. The spermogones are shorter than 

in Falkland Island specimens, and grouped in tufts. 

Specuemen 3.—New Zealand, Antarctic Expedition, 1839-43, Dr Hooker. 

Both apothecia and spermogones are abundant; sometimes they occur on different 

divisions of the same ramules, sometimes on different ramules. The ostioles of 

the spermogones are generally visible. ‘The podetia are usually smooth, seldom 

retiporous. The spermatia are curved and very delicate, of the same size and form 

asin C. rangiferina. The sterigmata are also those of the species just named; 

and besides the ordinary spermatiferous ones, sterile ramose filaments also occur, 

which, however, are seldom much longer than the fertile sterigmata. The chest- 

nut or brown colour of the thallus at once distinguishes C. aggregata from C. 

retipora or C. rangiferina ; but it may sometimes be confounded with states of 

C. furcata. 

FAMILY IX. PE.tTicERE#. 

GENUS I. NepHromium, Wy. 

The spermogones of this genus resemble the Pycnides of Peltigera, in their site 

|, and external characters. They are marginal, brown, obtuse tubercles or cones ; 

| sometimes seated directly, like so many teeth, on the margin of the lobes of the 
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thallus; sometimes seated at the ends of tooth or fringe-like prolongations from 

the margin of the thallus. In the latter case, they are generally more barrel- 

shaped than cone-like, and they resemble, though they greatly exceed in size, the 

spermogones of Cetraria islandica. The ostiole is frequently very distinct, espe- 

cially if the spermogone is moistened ; the cavity is simple. There is this differ- 

ence, however, between the spermogones of Nephromium and the Pycnides of 

Peltigera, that the former have true spermatia and arthrosterigmata, while the 

latter have stylospores on simple sterigmata. The spermatia are straight and rod- 

shaped, about goth long, with a breadth of ynth to sith. They are sometimes 

also slightly curved, in which case they resemble those of Cladonia. 

SPECIES 1. JV. tomentosum, Hoffm., 

Which occurs in Europe and Northern America. I have not been successful in find- 

ing spermogones in British or European specimens; and in foreign specimens I 

have found them in very few instances. They are comparatively rare. They 

are generally small brown knobs, cones, or tubercles, smooth on the surface, 

rounded and obtuse, pierced by a central pore. 

Specimen 1.—ScH#RER exs. 259 (sub Peltigera resupinata, a. tomentosa) ; 

in alpine woods, on trees and stones. ‘the spermogones are distinct nodules or 

tubercles, seated either directly on the margins of the thallus, or on irregular and 

lacerate-edged prolongations from the margins of the lobes. ‘They are of a paler 

reddish-brown than the rest of the thallus. The spermatia are rod-shaped or 

sub-ellipsoid, sath long and sath broad, seated on arthrosterigmata, which are 
among the thickest I have seen, consisting of short, broad, thick-walled cells or 

articulations. 

Specimen 2.—Lachen, Sikkim, Himalaya, temperate region at an elevation 

of 10,000 feet, Dr Hooker; with apothecia. The thallus, at its edges, is divided 

into, or marked by, a number of long tooth-like segments or prolongations, each 

of which bears at its extremity a large, barrel-shaped, very distinct or prominent 

spermogone. The latter organs resemble those of Cetraria islandica, or the Cla- 

donias, but are greatly larger. They are deep-brown externally, the ostiole very 

distinct, or becoming so under moisture. The cavity is simple; the spermatia 

are abundant, straight, and rod-shaped, about smth long and smth broad, seated 

on the apices and sides of longish articulated sterigmata, which resemble those of 

Sticta and Collema. This specimen is sub nom. Nephroma resupinatum, in 

Herb. Hooker, Kew, and appears to be var. helveticum, Ach., which occurs in 

Europe, America, Asia, Mexico, and the Isle of Bourbon. 

GENUS II. NeEpuHrRoMA, Ach., pro parte, Vyl. 

It resembles, in the character of its spermogones, the foregoing genus, from which 

NYLANDER separates it, apparently in consequence solely of the different character 
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of their gonidia. In Nephromium, according to NyLaNnpER, the gonidia, or rather 

bodies representing gonidia, upon which he bestows the name gonima, consist of 

granules without a cell-wall, and which are chiefly bluish; in Nephroma, on the 

other hand, true gonidia occur, which have a distinct cell-wall and contents. In 

a word, the one genus differs anatomically from the other, as Pannaria does 

from Psoroma. The separation seems to me a most unnatural and unnecessary one. 

Species 1. J. arcticum, Fr., 

A large handsome species, which inhabits the arctic and antarctic regions. Ny- 

LANDER describes it as possessing small rod-shaped spermatia, seated on arthro- 

sterigmata, as in Nephromium tomentosum. 

. GENUS III. Prtticera, Hofm. 

Spermogones containing true spermatia,—that is, spermatia having the usual 

characters,—do not occur in Pelizgera; but there are sometimes found marginal 

tubercles, resembling the spermogones of Nephromium, containing sporoid cor- 

puscles. The latter are regarded as spermatia by TuLAsNE; and as stylospores 

by NyLANDER, with whom I concur. It appears to me very desirable to draw a 

distinction between spermogones and pycnides in regard to the character of their 

corpuscles, and to call spermatia corpuscles of uniform size, and generally more 

or less linear form; and stylospores those which are variable in size, and generally 

more or less oval or pyriform. I have acted throughout the present monograph 

on this principle, in describing spermogones and pycnides respectively. This is 

a classification or nomenclature of convenience, and as yet provisional. It is quite 
unconnected with any view or theory as to the physiological functions of these 

corpuscles, and the organs which contain them. Viewing them by this light, then, 

the marginal tubercles of Saliigera are, in my opinion, Pycnides. There are not 

wanting, however, circumstances or analogies favourable to TuLASNr’s idea. He 

draws attention to the fact, that in Nephromium, bodies having the same site and 

same external aspect contain true spermatia seated on arthrosterigmata; he 

argues that the contained corpuscles in Peltigera merely differ in form; and he 

infers that in this genus, therefore, we must regard the conceptacles which contain 

these bodies as spermogones. The pycnides, then, of Peltigera are largish brown 

marginal tubercles, closely resembling the young apothecia, which are likewise 

marginal. They are so rare, however, that I have not once been fortunate enough 

to meet with them, and I therefore owe my descriptions to TuLasnn.* The dia- 

meter of the organ in P. polydactyla is from th to mth. The stylospores are 

_ generally oval or pyriform, varying in length from wath to zath, with a breadth 

_ usually of sath to mnth; they frequently contain distinct oil globules in their in- 

* Mém. Lich., p. 200, Plate IX. 
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terior,—a phenomena unknown in ordinary or true spermatia. The sterigmata, 

each of which bears at its apex a stylospore, are simple, linear, ramose at the 

base, resembling those of Lichina; their length being sometimes so great as 

sth to goth, their breadth x;th. 

Species 1. P. canina, Hoffm. 

The tubercles which constitute the pycnides are generally very obtuse, and 

so closely resemble young apothecia as to be readily mistaken therefor. They 

are usually, however, of a deeper brown colour. The cavity is simple and very 

narrow. The sterigmata are somewhat irregular in outline, and ramose at the 

base; they are almost solid, from thickening deposit in the interior of the cells 

which constitute them. Each sterigma gives off in succession a series of 

stylospores. The contents of these stylospores are semifluid, and almost homo- 

geneous; they become dark brown in iodine water, while the cell-wall, which 

appears thick, is only coloured yellow. The greatest dimension of the stylospores 

is from xath to jaoth; the least from 3th to guth. The length of the sterigmata 
is about ;4th to sth, with a diameter of s,th. Berkey takes the same 
view, apparently, as NyLANDER and myself in regard to the character of the 

corpuscles, which we all agree in calling stylospores,—at least equally with similar 

corpuscles which occur in Lecidea Smithii and other lichens. 

Species 2. P. polydactyla, Hoffm. 

The diameter of the pycnides is from jth to y:th. The stylospores are 
smaller than those of the preceding species, but otherwise the same; their length 

is about guth; their breadth about half as much; they are oval, slightly curved, 

with very obtuse ends. From the characters of the thallus, apothecia, and spores, 

I am led to refer this species to canina, and the character of the pycnides confirms 

me in this opinion. 

SPECIES 3. P. rufescens, Hoffm. 

This and the two preceding species are all cosmopolites. The pycnides are 

as described in P. canina and P. polydactyla. The stylospores are oval, about 

sooth to sth long, and guth to smth broad. This species I refer partly to P. 

canina and partly to P. horizontalis, unless we look upon all the British Peltigeras 

as mere varieties of one species, which I am greatly inclined to do. This genus 

wants simplification in regard to its species, which certainly pass into each other, 

and in this respect it is in the same category with Umbilicaria (Gyrophora), 

Ramalina, and Usnea. 

GENUS IV. Sonorina, Ach. 

In this genus I have not yet succeeded in finding spermogones or pycnides 
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belonging thereto, though I have occasionally met with sundry parasites closely 

resembling them, and for which they might be mistaken. 

Species 1. SS. saccata, Ach., 

Which grows both in America and Europe. The sterile thallus is sometimes covered 

over with black cones or tubercles, partly immersed, and with a distinct ostiole. 

These may readily be mistaken for spermogones; but their contents at once 

| reveal their true nature. They are found to be perithecia, containing brown 

3-4-septate oblong-oval spores. This is the Sphwria urceolata, ScamRER (in 

Hepp. exs. 475, f. 2), on limestone rocks on the Pilatus, Switzerland; and En- 

docarpon psoromoides, Hoox. and Lreicuton, at least pro parte. This parasite, 

again, is apt to be confounded with Verrucaria psoromia, Nyu., which has simple, 

ellipsoid, colourless spores (Phacopsis psoromoides, HEpr. exs. 475, f.1, Verrucaria, 

Borrer, E. B. 2612, f. 1.) 

Sprcies 2. S. crocea, Ach., 

Which occurs in Europe, America, and frigid or northern Asia. 

Specimen 1.—Brandon Mountain, Kerry, Ireland, Carroti; Wicklow, D. 

Moore, in Herb. Carroll. On one specimen there is a number of large black 

cones, resembling the pycnides of Dichena rugosa, evidently parasitic, and having 

no relation to the Soloria, further than that they grow on it. They are closely 

ageregated or grouped on the surface of the thallus, to which they give a very 

irregular warted character. The stylospores are very large—about ;th to ath long 

and smth broad—apparently normally 1-septate, colourless, full of granular or 

grumous matter. 

FAMILY X. CETRARIA. 

GENUS I. Cerraria, Ach., Nyl. 

NYLANDER has retained three species in the old genus Cetraria, viz., the fruti- 

culose species,—placing those having a flat, broad, Parmelioid thallus in a separate 

genus,—Platysma. Undoubtedly, both groups are comparatively natural ; still it 

admits of doubt how far it is advisable to constitute two genera, rather than 

merely two sections of a single genus. The spermogones differ somewhat in the 

two groups or genera. In Cetraria they are more of the character of those of 

Cladonia than in Platysma. «They are barrel-shaped organs, seated on the apices 

of the ultimate ramuscles of the thallus, as in acu/eata, or on cilia, fringing the 

margins of the laciniz, as in /slandica. In neither case are they very con- 

spicuous, unless on careful examination. They are of the same colour as the 

thallus; hence the line of separation or junction of the thallus and_ sper- 

mogone is not so distinct as in Cladonia. Neither are they so large nor so 

distinctly barrel-shaped as in that genus. They vary greatly in length, being 
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sometimes short and broad, at other times long and narrow. Where the mar- 

ginal cilia are very short or wanting—in C. [slandica—the spermogones appear 

seated directly on the margins of the lacinize, like so many teeth, resembling the 

spermogones of the Platysma group. The thallus of C. aculeata terminates in 

delicate ramuscles or spinules, the tips or horns of which are formed by its sper- 

mogones. These organs are generally very delicate and minute, with difficulty 

recognised even under the lens, or until subjected to pressure in water between 

glass slides under the microscope, when the emission of myriads of spermatia 

betrays their true character. The length of the spermogone in C. aculeata scarcely 

exceeds jth to xth. The cavity is usually simple. The spermatia are straight 

and linear, about sath to oth long, with a breadth of sith to sath. The sterig- 
mata are generally composed of a few linear delicate cells or articulations; 

occasionally they are simple, or consist of single cells, as in Platysma. 

Species 1. C. Islandica, Ach., 

Which is almost a cosmopolite, occurring in Europe, America, and Asia (northern 

Himalayas). 

Specimen 1.—Large form of thallus, with broad laciniz; var. 6. platyna, 

Korn. 44; Ben Macdhui, Braemar (Cairntoul side), August 1856, W. L. L. The 

margins of the lacinize are chiefly naked; the marginal cilia are so short that 

the spermogones appear directly seated on the margins of the lacinize as denti- 

culate warts or tubercles, not distinctly barrel-shaped. 

Specimen 2.—Summit of a hill near Kinsale, Ireland; coll. by J. Suttivan; in 

Herb. Carroll, who says—*“ This is rare in Ireland; I have never observed it.” 

The plant bears no apothecia, as is generally the case also in British specimens ; 

but it is abundantly furnished with marginal cilia, many of which are spermo- 

goniferous. The latter are tipped with small, short, deep-brown barrel-shaped 

warts. The sterile cilia are generally longer, more wavy, and have pale apices. 

The spermatia are rod-shaped, about mth long, and sath broad. The sterig- 

mata are shortish, and consist of a few oblong or linear articulations, as in many 

of the Parmelie. 

Specimen 3.— Hepp. exs. 169 ; among moss on the Hiitli, Switzerland; abun- 

dant in fructification on St Moritz. The spermogoniferous marginal cilia are short, 

but numerous. The sterigmata are of a few articulations, or sub-simple. 

Specimen 4.—Scu 2RER exs. 22 (sub var. vulgaris), Switzerland. The marginal 

cilia are short, and not terminating in a distinct barrel; many of them are bifid, 

trifid, or proliferous. The spermatia are delicate needles of medium size, that 

is, about zuth long, and smth broad. The sterigmata are short, indistinct, 

broadish, and of a few articulations. 

Specimen 5.—Ben Lawers, June 1856, W. L. L. The spermogones are seated 

on longish marginal cilia ; they are broader, or bulge more, towards their apex 
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than base, and they vary much in length. Some of the cilia are bifid, or 

uregularly knobbed at the ends; these are always abortive or sterile. The 

function of these cilia is generally considered to be merely to act as pedicels to 

the spermogones. TULASNE speaks of two or three ebcemonaues sometimes being 

‘united ; this I have never seen. 

Specimen 6.—Mount Forster, near the top, Cape Horn; Dr Hooxer; in Herb. 

Hooker, Kew. The spermogoniferous marginal cilia are long and prominent. 

This and the preceding belong to var. crispa, Ach. 

Spectrs 2. C. aculeata, Fr., 

| Which occurs in America and Europe. The very ramose branches of the thallus 

| divide at their summit into very delicate ramuscles, short and divaricate, some of 

which resemble cilia or spinules. Some of the latter, again, have black or very 

deep-brown bulging tips; and these, under the lens, are found to be oval or oval- 

truncate spermogones, resembling the barrel-shaped ones of Cladonia rangiferina. 

The length of the spermogone scarcely exceeds th to ;,th, and that of its support or 
pedicelis about ;th. The spermatia are usually from sth to gath long, and sath 
broad. The terminal spinules here are analogous in function to the marginal 

ones in the preceding species. The thallus of the plant varies greatly in regard 

to the number and ramoseness of its branches, and the quantity of the spermo- 

goniferous or sterile spinules. 

Specimen 1.—Leicut. exs. 3, Haughmond Hill, Shropshire. The spermatia 

and sterigmata are so minute as to be with great difficulty seen. The ciliate- 

spinulose varieties, described by various authors, are probably cue spermogon- 

iferous states of the plant similar to this. 

GENUS II. Puatysma, Hof'm., Nyl. 

In this genus the spermogones generally occur as black or brown tubercles 

or cones, scattered on the crisped margins of the thalline lobes, to which they 

give more or less of a denticulate or nigro-ciliate character, as in P. nivale, cucul- 

latum, ciliare, and juniperinum. This has not escaped the older lichenologists, 

who have described such spermogoniferous states as varieties. Sometimes the 

spermogones occur on prolongations of, and from, the margins of the thallus, and 

occasionally, though very rarely, they are scattered on the flat surface of the 

thallus, as brown, grain-like bodies, seated on pale, inconspicuous, thalline papille, 

as in a form of sepincola. They are frequently very distinct and easily seen, from 

the contrast of their dark colour with the beautiful lemon-yellow of the thallus, 

as in nivale and cucullatum. The cavity of the spermogone is simple; the en- 

-velope deep-brown, of regular, distinct, roundish cells. The sterigmata are gene- 

rally formed of a few irregular articulated cells. The spermatia are straight and 

linear, about zath long, with a breadth of math to sawoth. NYLANDER describes 
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them as either thickened at one or both ends, and he divides the species of Pla- 

tysma into sections, according as their spermatia have the one or other cha- 

racter. This [have not specially noticed. But either NyLANDER or his printer 

makes a strange mistake, in his ‘“‘ Prodomus” or “ Synopsis,” in regard to the 

names of the species having spermatia thickened at one or both ends. In the 

former volume (p. 49), he arranges under,— 

A. “ Spermatia versus apicem modo alterum fusiformi-incrassatula,” 

P. cucullatum and P. nivale ; and under,— 

B. ‘‘ Spermatia apice utroque leviter fusiformi-clavata,”’ 

P. juniperinum, glaucum, and sepincolum. 

In his Synopsis, again (p. 37), he gives, as instances of,— 

I. “ Spermaties aciculaires un peu épaissies en fuseau a l’une de leurs extré- 

mités (spermatia acicularia versus alterum apicem leviter fusiformi-incrassatula),” 

P. glaucum and P. juniperinum ; and, of— 

II. “Spermaties aciculaires trés légérement épaissies en voisinage de leurs 

extrémités (spermatia versus utrumque apicem levissime fusiformi-incrassata),” 

P. nivale and P. cucullatum ! 

There is surely some typographical error to account for such a manifest con- 

tradiction ! 

Species 1. P. nivale, L., 

Which occurs in northern America, as well as in Europe. Its spermogoniferous 

states constitute the var. 0. denticulata of Scumrer. (Enum., p. 14, “ Thali ora 

nigro-denticulata.”’) 

Specimen 1.—Letcut. exs. 43; Clova, Scotland. The spermogones are deep- 

brown or black, minute, round, prominent warts, fringing the crisped edges of the 

laciniz, or seated on tooth-like prolongations from their margins. The ostiole is 

inconspicuous. The spermatia are rod-shaped, about ;,th long, and .;;,th broad; 

the sterigmata consist of a few irregular articulations. 

Specimen 2.—ScHARER exs. 19; Switzerland. Spermogones as in No. 1. 

Specimen 3.—Disco Island, Arctic America, Dr LyauL, 1852; no apothecia; 

spermogones abundant. FRANKLIN’s first journey; broad-lobed form of thallus. 

Both apothecia and spermogones abound. In Herb. Hooker, Kew. 

Specimen 4.—Lochnagar, Braemar, Professor Dickie; specimen closely re- 

sembles P. cucullatum, and is apparently a transition form. 

Specumen 5.—Sugar-loaf Mountain, County Wicklow, Ireland, in which 

country it is very rare; D. Moore, in Herb. Carroll; no apothecia, but spermo- 

goniferous. 

Specimen 6.—Plants of Braemar, No. 394, coll. by A. Croatt of Montrose; 

source of Dee, August 1855 ; spermogones as in No. 1. 
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Species 2. P. cucullatum, Hoffm. 

The close ally and frequent companion of the preceding species. On the Nor- 

wegian mountains. I almost always found these two species growing in the same 

tuft. Indeed they would appear to graduate into each other. Their apothecia 

and spermogones are quite alike, as are also their spores and spermatia. The 

spermogones are deep-brown minute tubercles, fringing the crisped margins of 

the lacinize, precisely as in nivale; they are generally flatter and more irregular 

as to size than in the species just named. 

Specomen 1.—ScHZRER exs. 18; Switzerland. The spermogones are chiefly 

seated about the apices of the lacinix. The spermatia are rod-shaped; the sterig- 

mata articulated, thickish, short; their bases pale-brown, as is also the cellular 

tissue of the envelope. 

Specimen 2.—Arctic Coast, Garray Island, 1850, Captain Putten ; Kotzebue 

Sound, Beecuey; apothecia abundant. In all these specimens, which are in Herb. 

Hooker, Kew, the spermogones are as above described, or as described in P. nivale. 

In a specimen from Norton Sound, the Rev. Cuurcaiti Basincron remarks, that 

the “ upper part of the thallus is sparingly fringed with black teeth.”* This he 

does not at all seem to be aware is the ordinary spermogoniferous state of the 

plant. 

Species 3. LP. juniperinum, L., 

And its var. pinastri, Scop. ; both of which occur in America and Europe. Its 

spermogones are similar in site, appearance, and contents, to those of the two 

preceding species, being small black warts or points, fringing the crisped borders 

of the lobes; seldom so numerous or so closely aggregated as to give a nigro-den- 

ticulate character to the thallus, as in P. nivale. They are generally easily dis- 

tinguishable, from the contrast of their dark colour with the beautiful yellow of 

the thallus. Korserr describes the spermatia “as almost club-shaped.” They 

have always appeared to me to be simply needle-shaped, and if there is any de- 

viation from the linear form, it is probably very slight and unimportant. 

Specimen 1.—Scu=RER exs. 20 (sub var. a. terrestris). The spermogones are 

brown; they are most abundant in the right-hand specimen in my copy. The 

envelope is deep-brown, of regular, distinct, roundish cells. The spermatia are 

delicate needles of medium size, longer than in the two preceding species. The 

sterigmata are short, thick, and composed of a few indistinct articulations. 

Specimen 2.—West coast of North America; on twigs; FRANKLIN’s first voyage ; 

Arctic Islets, Sir E. Parry; all in Herb. Hooker, Kew. 

ScHLEICHER’s exs. No. 52, 1810; Alps; P. de Cauteret, Pyrenees, Spruce’s 

* Szrmann’s Botany of the Voyage of H.M.S. Herald, during 1848-52, p.47. Enumeration 
of the Lichens of Norton and Kotzebue Sounds. By Rev. Cuurcuityt Bazineton. 
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y) “Lich. Pyrenzei;” approaches (. virescens, TUCKERM. One specimen has spermo- 

gones in little black tufts dotting over here and there the margin of the lobes. 

Alps of Dovrefjeldt, 1828; Sommerfeldt Itin. Some specimens are nigro-denticu- 

late with spermogones, as in P. nivale. The above species are all contained in 

Herb. Hooker, Kew. 

Species 4. P. citrinum, Tayl, 

A native of Java; a beautiful species, with a broad-lobed Jemon-yellow thallus. | 

The spermogones are marginal, minute brown tubercles, resembling, but scarcely 

so prominent as, those of P. nivale. 

Species 5. P. glaucum, Hoffm., 

Which occurs in Europe, America, and Asia. KorBer says, “ Spermogonien sah 

ich noch nicht,” and certainly they are not very common. 

Specimen 1.—Sierra de Estrella, Portugal; WeEtwirzscu, “ Crypt. Lusitan.” 

No. 116. The thallus approaches var. fallax, Sch., in the division of its lobes 

into lacinize, which again have their margins frequently studded over with isi- 

dioid growths. The spermogones are marginal, crowded, indistinct, minute, 

brown tubercles, which add to, though they seldom of themselves give, a denti- 

culate character to the margins of the lobes. 

Specimen 2.—Var. fallax of authors ; Scotland; in the Menziesian Herbarium, 

Royal Botanic Garden, Edinburgh. The plant bears no apothecia; the lobes are 

laciniate, and their margins isidiiferous. Some of the specimens belong, undoubt- 

edly, to Parmelia perlata, with which this Platysma is frequently confounded, 

especially the var. fallax of the latter with var. ciliata of the former. The sper- 

mogones of the Parmelia are, however, quite different from those of the Platysma. 

They are punctiform, black, immersed, and scattered on the flat surface of the 

lobes of the thallus near their margin. In this Scotch specimen of var. fallaw — 

there are no spermogones ; but a few occur in a specimen of the same var. from 

the west coast of North America, 1787; collected by ALEx. Mrnzres himself. 

Apothecia occur at the ends of the lacinie; the margins of which laciniz and 

lobes are very isidioid. The tooth-like isidia are sometimes tipped with spermo- 

gones; but the majority of them are sterile. American specimens of some other 

Platysme are occasionally spermogoniferous, while British specimens are not,— 
such is P. sepincolum. 

Species 6, P. lacunosum, Ach., 

Its spermogones are marginal, as in the preceding species, between which and P. 

ciliare it is intermediate in regard to their size and appearance. 

Specimen 1.—West coast of North America; Oregon, ScouLeR; in Herb. 
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Hooker, Kew. The spermogones are longish, brown, irregular tubercles or warts, 

frequently becoming enlarged and deformed. 

Specimen 2.—On trees and pales, New England, U.S. America ; TuoKERM ANN, 

No. 6, exs. (sub Cetraria lacunosa, 8. Atlantica). The margins of the lobes are 

studded over with chiefly degenerate spermogones, which do not give so charac- 

teristic a fringe or denticulate appearance as in P. ciliare. Besides being marginal, 

the spermogones are frequently studded over the flat surface of the lobes near 

their margin. Cambridge, Massachusetts; on pales; TuckERMANN; in Herb. 

Menzies, Royal Botanic Garden, Edinburgh. The spermogonal fringe of the lobes 

is similar to that in P. care, but the spermogones are smaller. Sometimes 

they are studded over projections from the margins of the thallus. 

Species 7. P. ciliare, Ach. 

It is frequently confounded with P. sepincolum, but is distinguishable by its 

marginal spermogones, which are very distinct, constant, and crowded, and which 

give the thalline lobes a peculiar warted appearance. Its name has been conferred, 

it would appear, not in allusion to its spermogones, which might earn for it the 

name rather of denticulata, but on account of occasional marginal fibres,—strong, 

darkish, and branching,—with which it is also furnished. 

Specimen 1.—Schooley’s Mountains, North America, June 1856; Dr A. O. 

Bropiz. The spermogones are largish brown cones or warts; more abundant, 

more distinct, and more constant, than in any of the other species of Platysma. 

The thallus is greenish-gray, smooth and shining above, whitish and lacunose 

below ; the lacinize are sometimes narrowish. The spermogones somewhat re- 

semble those of P. sepincolum, which, however, I have met with only on the sur- 

face, not on the edges, of the thallus. The spermatia are acicular, and about 

yaoth long; the sterigmata are simple, or of a few articulations. 

Specimen 2.—Cambridge, Massachusetts, TuckERMANN; in Herb. Menzies, 

Royal Botanic Garden, Edinburgh; with apothecia. The spermogones are very 

distinct, barrel-shaped organs, seated on the ends of cilia, or tooth-like projections 

from the margin of the thallus. They thus somewhat resemble the spermogones 

of Cetraria Islandica, but are much shorter. The ordinary form of spermogones 

occurs in TUCKERMANN’s exs. No. 5; on trees and pales, New England, U. S. 

America. 

Speciges 8. P. sepincolum, Hoffm., 

Which occurs in Europe, America, and Asia. 

Specimen 1.—On trees, Ingleby Park, Cleveland, Yorkshire, 1854; collected by 

W. Mupp. The spermogones are abundant as small olive-brown prominent 

round tubercles or papillee; superficial or sub-pedicellate ; seated on slight pale 

VOL. XXII. PART I. 3A 



182 DR LAUDER LINDSAY ON THE SPERMOGONES AND PYCNIDES 

papillar elevations of the thallus, scattered on the flat surface of the lobes near 

their margin. Occasionally, but rarely, they would appear to occur on the crisped 

and curled margins themselves; in which case, it is impossible to distinguish 

them from those of the preceding species. The cavity of the spermogones is simple, 

reeular, round; the envelope consists of a brownish or olive-coloured cellular 

tissue. ‘The spermatia are rod-shaped or acicular, and about sath long, on the 

apices chiefly of short, simple, inconspicuous sterigmata. 

| Specimen 2.—Owhyhee, Sandwich Islands, 1794; collected by ALEX. MENZIEs ; 

in Herb. Menzies; and also California, 1793; both in Herh. Royal Botanic Garden, 

Edinburgh. The margins of the lobes are fringed with small brown or black 

tooth-like spermogones, as in P. ciliare, to which MENziEs’s plant may perhaps 

really belong. | 

FAMILY XI. Umpinicariz. 

GENUS I. Umpiuicaria, Hofm. 

There is great uniformity in this genus in regard to the internal structure, or 

the contents, of the spermogones. In all the species the sterigmata are articu- 

lated, and the spermatia very numerous, short, and rod-shaped. Externally the 

spermogones vary somewhat. They are always more or less immersed in the 

substance of the thallus; but their ostioles exhibit every gradation of form be- 

tween the papilla and the mere point. Their colour externally is usually black, 

and, as a general rule, ‘they are easily seen in proportion as the thallus is light- 

gray or copper-coloured. Sometimes the spermogones are largish flattened cones, 

or even tubercles, with a depressed apex. These cones may be perched on papillar 

elevations of the thallus, which render them still more prominent. Sometimes 

they are apparent on the surface of the thallus as mere immersed black points, 

flat or depressed. Round these points, which are the ostioles, the cortical layer 

' of the thallus may be ruptured or fissured in a radiating manner, or the thallus 

may form a sort of ring round the black punctiform ostiole. This ostiole is 

usually simple, round, very minute, and inconspicuous. But in old spermogones 

it frequently becomes gaping and very prominent, irregular in form, triangular 

or stellate-fissured. The thallus sometimes appears dotted over with largish 

irregular black perforations, which are the ostioles of old spermogones. More- 

over, the nucleus or body of old spermogones frequently falls out, and irregular 

saucer-like cavities are left. The size of the spermogones varies greatly. They 

may be so minute that they are scarcely visible even under the lens, as in U. 

polyphylla ; or they may be very large and distinct, as in some forms of U. vellea, 

U. hirsuta, and U. cylindrica. In U. proboscidea their diameter is 5th to jth; 

in U. erosa yth to seth; and in U. hirsuta their depth is jth to sth. They are 

generally scattered in large numbers about the margins of the lobes on their flat 
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surface; sometimes they are scattered among the apothecia; at other times they 

are met with only on specimens or thalli bearing no apothecia. The envelope 

is brown or black, and very thin, being formed of hexagonal or roundish cells. 

The internal tissue is grayish and horny ; and the body of the spermogones is 

easily enucleated with a needle. The cavity is simple, and more or less spheri- 

cal. The arthrosterigmata are longish, as in Sétecta and Collema, ramose, and 

densely aggregated into a more or less compact tissue; they are made up of 

short, roundish, or cubical cellules, which become thickened by deposits on their 

internal walls. Their length in U. pustulata is =th to ;th; their breadth varies 

from smth to month. The spermatia are rod-shaped bodies, seated on the apices 

and sides of the sterigmata ; their length is about auth to woth; their breadth 

ssmoth to santh. 

Species 1. U. pustulata, Hoffm., 

Which occurs in Europe, Africa, and northern America. It is the type of a sec- 

tion distinguished by 1-spored theca, constituting the genus Lasalia, Mér., and in- 

cluding the two following species—U. papulosa and U. Pennsylvanica. Its sper- 

mogones are usually isolated, obtuse, very prominent, black cones, round which 

the cortical or epidermic layer of the thallus is sometimes ruptured or raised ; 

their diameter is about 4th to zth. 
Specimen 1.—Vartmoor; in Herb. Hooker, Kew. The specimens from this 

station are very large,—the thallus being as handsome as in specimens collected 

by me on the Norwegian mountains, and more so than those got in the Isle of 

Skye (base of the Coolin Hills). The spermogones are abundant, but there are 

usually no apothecia. On one specimen, however, from the “ Two Tors on Dart- 

moor, near Chagford, Aug. 1836,” the apothecia, as well as the spermogones, 

abound. 

Specimen 2.—Labrador; in Herb. Hooker, Kew. Both apothecia and sper- 

mogones are plentiful and distinct. The spermatia are about yonth long, with a 

breadth of s;;th. The sterigmata are about ;,th to ;th long, with a breadth of 

muth, articulated as in Sticta or Collema. 

Specimen 3.—Sierra de Gerez, Portugal ; Wretwrirzscu, Crypt. Lusit., No. 107; 

with apothecia; in Herb. Hooker, Kew. The spermogones are superficial, large, 

distinct papillee, scattered over the pale-gray pustules of the thallus. Sometimes 

these papillee seem immersed, from being surrounded by a collar of the cortical 

layer of the thallus, which they fissure in a stellate-radiate manner. Occasionally 

the spermogones are mere immersed black points. 

Speciinen 4.—Puerto de Leiteriegos, Durieu, “Plant. select. Hisp.-Lusit.,” 

No. 58; in Herb. Hooker, Kew. Apothecia are plentiful; the spermogones are 

‘scattered about the margins of the pale-gray thallus as large, distinct, black 

papille, with a distinct round or regular ostiole. 



184 DR LAUDER LINDSAY ON THE SPERMOGONES AND PYCNIDES 

Species 2. U. papulosa, Ach., 

Which occurs in North America and in the Himalayas. It closely resembles, in 

its thallus, apothecia, and spermogones, the preceding species, and I know of no 

good distinctive marks, such as to justify their separation as species. 

Specimen 1.—British North America; United States; North Carolina; Lemet 

Mountain, Pennsylvania; in Herb. Hooker, Kew. The spermogones are plenti- 

ful as minute black papille, scattered in groups towards the periphery of the 

thallus. The spermatia are rod-shaped, jj,,th long, and sixth broad, on arthro- 

sterigmata, as in U. pustulata. 

Specimen 2.—Schooley’s Mountains, North America; July 1856; Dr A. O. 

Broo. Apothecia and spermogones abundant, but the former are chiefly 

degenerate. ‘The thallus is of a light-gray or brownish-gray tint, on which the 

minute, black, papillar spermogones are easily recognised. They appear to the 

naked eye as very small black grains, scattered all over the thallus, including its 
pustular elevations, but most abundant about the margins of the thallus. They 

more resemble the spermogones of U. polyphylla than of any other species of 

Umbilicaria. The ostioles are invisible even under the lens. The sterigmata 

are irregular in outline, and are composed of short, broad, thick-walled irregular 

cells. The spermatia are as described in No. 1. 

Species 3. U. Pennsylvanica, Ach. 

Specimen 1.— White Mountains, North America ; TucKERMANN; in Herb. 

Menzies, Royal Botanic Garden, Edinburgh. The thallus is of a pale-brown, 

darkest about its margins. The spermogones are paler than the thallus; hence 

they appear scattered abundantly about the margins of the thallus as white 

sago-like grains. They are large papillae,—among the largest spermogones I have 

met with in Umbilicaria,—and they have a distinct brown, round, or irregular 

ostiole. 

Specimen 2.—FRANKLIN’s First Journey; in Herb. Hooker, Kew. The spermo- 

gones are plentiful about the periphery of the thallus, as distinct black papille, 

with stellate-fissured ostioles. 

Species 4. U. Miihlenbergii, Ach., 

Like the two preceding species, a native of North America. This and the follow- 

ing species have 8-spored thece and simple spores. 

Specimen 1.—White Mountains, North America; TuckERMANN; in Herb, 

Menzies, Royal Botanic Garden, Edinburgh; and its var. @ alpina; with apo- 

thecia. Spermogones are plentiful about the margins of the thallus as small, 

distinct, flattish papille, of the same colour as the thallus, or not greatly darker, 

with ostioles more or less distinct. ; 
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Specimen 2—Rocky Mountains, North America; in Herb. Hooker, Kew. 

Spermogones are abundant as black papill, with central roundish pores or ostioles. 

The spermatia and sterigmata are as described in the preceding species. 

Species 5. U. polyrrhiza, L., 

Which occurs in Europe and Asia. This is the familiar G'yrophora pellita, Ach., 

of the earlier lichenologists. 

Specimen 1.—Hills above Loch Freuchie, Amulree, Perthshire, May 1856, W. 

L. L.; no apothecia. The spermogones are plentiful, especially about the peri- 

phery of the thallus, as small papillee, of the same colour as the thallus. Hence 

they are not easily seen, and this, therefore, is one of the worst species in which 

to study the spermogones of Umbilicaria. These papillz are pierced by a very 

minute, round, or stellate-fissured ostiole. In many cases there are no papille, 

and the ostioles then appear directly to perforate the thallus, which may appear 

studded over with patent, black, irregular perforations, as in P. sazatilis, var. 

omphalodes. ‘ 

Specimen 2.—Lochnagar, Braemar, August 1854; Plants of Braemar, A.CROALL, 

No. 197; with abundant apothecia. The spermogones are chiefly sub-marginal, 

punctiform, depressed, and inconspicuous. In other specimens from the same 

locality, collected by Mr Croatt (in Herb. meo), but not bearing apothecia, the 

margins of the thallus are studded over with minute depressions, which, appear 

to be old spermogones. Papillar spermogones occasionally occur, pierced by a 

black, minute, round, or irregular ostiole. The body of the spermogones has in 

some cases fallen out, leaving saucer-shaped cavities, with turgid black irregular 

borders. 

Specimen 3.—Nighlands of Scotland, 1778, collected by ALEX. Menzies; in 

Herb. Menzies, Royal Botanic Garden, Edinburgh. The thallus is very pale; 

hence the black apothecia are well seen by contrast of their colour. The spermo- 

gones are also distinct, but they are chiefly old and deformed. 

Specimen 4.—North-west America (sub nom. G. pellita and G. vellea); in 

Herb. Hooker, Kew. Spermogones are plentiful about the periphery of the thallus, 

as small black papillee, scarcely distinguishable, however, on the dark-olive, or 

brown thallus. 

Species 6. U. polyphylla, Hoffm., 

Which occurs in Europe, America, and Asia, with its var. dewsta, Ach., Fr., which 

inhabits Europe and Asia at least. 

Specimen 1.—Ben Macdhui, Braemar, August 1856, W.L. L. This appears 

to be a transition form into U. hyperborea, but the thallus is not vet pustular or 

warted. I may here mention, that most of the British species, at least, of Umbi- 

licaria, pass into each other, as regards the thallus and apothecia; while the 

spores and spermatia are essentially the same in all. 1 therefore prefer, with 
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LEIGHToN,* to regard them as varieties of one species, rather than to look upon 

them as separate species. This specimen is associated with forms of U. hyper- 

borea, which are generally referred by authors to U. erosa. The spermogones are 

abundant on some of the lobes, as very minute indistinct papille. 

Specimen 2.—Roadside walls, opposite Invercauld, Braemar, August 1856, W. 

L. L.; no apothecia. The spermogones are minute black cones, with a deep- 

brown cellular envelope, and rod-shaped spermatia, about sth long. 

Speciinen 3.—Lochnagar, Braemar, July 1855, ALEx. CroatL; Plants of Brae- 

mar, No. 392; no apothecia. Spermogones are scattered indiscriminately over 

the thallus as small, indistinct black papillze, with no perceptible ostiole. From 

the dark colour of the thallus, and the fact that the spermogones are generally 

more or less of the same tint as the thallus, and hence not easily distinguished, 

this is a bad species, like U. polyrrhiza, in which to study the spermogones of 

Umbilicaria. 

Specimen 4.—Howden Gill, Cleveland, Yorkshire, 1854; coll. W. Mupp; no 

apothecia. Spermogones are plentifully scattered all over the thallus, but they are 

most minute black papillee, scarcely visible even under the lens. Their walls are 

deep-brown ; their spermatia and sterigmata distinct, and of the characters de- 

scribed in the foregoing species. 

Species 7. U. hyperborea, Hoffm., 

And its var. arctica, SomMMERF., which occur in Europe and America. 

Specimen 1.—Hepp. exs. 116, sub Gyrophora; syn. Mouc. and Nesturr’s exs. 
1047; on granite rocks, St Moritz; with apothecia. Spermogones are scattered 
over the copper-coloured thallus, as black cones or papillee, largish and distinct, 
some fiattened, a few depressed, others slightly raised. The envelope is of a deep- 
brown hexagonal cellular tissue; the spermatia and sterigmata are as in U. pus- 
tulata, and the other species already described. 

Specimen 2.—Brandon Mountain, County Kerry, Ireland, D. Moore; in Herb. 
Carroll. The surface of the thallus consists of, or is marked by, a series of 
convolutions, so arranged as to appear like an agglomeration of warts. On the 
tops of these are perched the spermogones, as small black papillee, with sub- 
prominent ostioles. The cortical layer of the thallus is often eroded, exposing 
the subjacent white medullary tissue. The spermogones on such portions of 
thallus are very distinct, as round brown points, seated on the tops of whitish 
pulvinuli. The spermatia are about sth to auth long ; the sterigmata are longish 
and distinct. 

Specimen 3.—North-west Passage, Parry; Walden Island, Parry; in Herb. 
Hooker, Kew. In one of Parry’s specimens spermogones are abundant. 

* “ Monograph of the British Umbilicarie.” By the Rev. W. A. LetcHroy.—Annals of 
Nat. History, Oct. 1856; and reprinted as a separate pamphlet. 



OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEOUS LICHENS. 187 

Species 8. JU. erosa, Hoffm., 

Which occurs in Europe and America. This appears to me a particularly bad 

“species, inasmuch as all the Umbilicarias are liable to erosion of the margins of 

the thallus, though this is greatest in the preceding species, to which U. erosa 

ought chiefly to pertain asavariety. Next to U. hyperborea, erosion of the thallus 

is common in U. proboscidea and U. cylindrica. Though spermogones are usually 

abundant in U. erosa, they are not easily seen, from being of the same colour as 

the thallus, or from their minute size. They are papillzeform or punctiform; im- 

mersed; with a diameter of +,th to jth. The cavity is simple; the envelope 

black, and moderately thick; and the internal tissue ash-gray. 

Specimen 1.—Ben Macdhui, Braemar, August 1856, W. L. L. Spermogones are 

abundant and distinct as black cones or papillee, scattered about the margins of the 

pitchy or bronze-coloured thallus. They are intermediate in size, between those 

of U. cylindrica and U. polyphylla ; the spermogones of the latter species being 

the smallest I have met with in Umbilicaria. The ostiole is generally distinct, 

round, chink-like, triangular or stellate-fissured, according to age; in the older 

spermogones it is large and patent. The spermatia are rod-shaped, and about 

auth long. Another specimen from the same locality has more the character of 

U. cylindrica ; but the margin of the thallus is decidedly and distinctly erose. 

The spermogones are mostly old; the ostiole is large and saucer-like, surrounded 

by a turgid black border. The thallus seems roughened over with a multitude 

of little saucers, which are most profusely scattered about the edge of the lobes. 

Specimen 2.—Ben Nevis, August 1856, W. L. L. Old spermogones are here 

also abundant, especially about the periphery of the thallus. They have large 

saucer-like ostioles. 

Specimen 3.—Hills east of Sligachan, Isle of Skye, August 1856, W. L. L.; 

apothecia abundant. ‘This appears to be a mere form or state of U. hyperborea. 

The spermogones are large black warts or papillee, scattered over the bronze- 

coloured thallus. The spermatia are about sath long; the sterigmata irregular, 

thickish, composed of short roundish cells or articulations. 

Specimen 4.—Highlands of Scotland, 1778; collected by Atex. Menzies; in 

Herb. Menzies, Royal Botanic Garden, Edinburgh. This plant, too, has quite the 

aspect of U. hyperborea, except as to the erose or cribriform thallus. It is beau- 

tifully studded over with spermogones. 

Specimen 5.—Mangerton, County Kerry, Ireland; coll. Isaac Carrot. Thal- 

Ius much deformed. The spermogones are minute black papille; of the 

old ones nothing remains but the irregular gaping ostiole. The cavity seems 

frequently multiple, apparently from coalescence of several spermogones Asso- 

_ ciated with the ordinary spermatiferous sterigmata are numerous long, hyper- 

trophied, sterile filaments, somewhat as in Ramalina, but neither so long nor so 
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ramose. The ordinary sterigmata are about z,th to zath long; the spermatia 

wmth long, and sath broad. 
Specimen 6.—Shores of Loch Muick, Braemar, August 1854; A. Croauu. The 

margins of the thallus are covered with a mass of papillar elevations, apparently of 

the thallus itself, and not differing in colour therefrom, each pierced by a distinct 

round or irregularly fissured ostiole. These are the spermogones which are not 

easily seen, from being concolorous with the thallus. 

Specimen 7.—From Don’s Herbarium, now in the possession of Mr Macnap, 

Royal Botanic Garden, Edinburgh ; habitat not given. Spermogones are abun- 

dant as large, distinct, cone-like warts, scattered among the apothecia, with gene- 

rally an indistinct stellate-fissured ostiole. 

Specimen 8.—Achtermannshohe, Hartz Mountains, Germany; coll. HAmpE, 

1846; exs. No. 7. The thallus is referrible to U. hyperborea; the apothecia 

resemble those of U. polyrrhiza. Spermogones are abundant as very minute black 

points, 

Specimen 9.—ScHARER exs. 153 ; on granitic rocks ; Alps, Switzerland. The 

spermagones are scattered generally over the thallus as black elevated papille, 

pierced by an indistinct ostiole. 

Species 9. U. proboscidea, DC., 

Which occurs in Europe, America, and Asia. This appears to me a particularly 

ill-marked species, which is partly referrible to U. polyphylla, U. hyperborea, and 

U. cylindrica. 

Specimen 1.—Iceland ; in Herb. Hooker, Kew. The thallus is of a very pale- 

grayish colour, and has submarginal largish black spermogones, whose diameter 

is from sth to zth. 

Species 10. U. cylindrica, L. Fr., 

Which occurs in Europe, America, and New Holland. This is a species or variety 

—according to the view taken of the classification of the Umbilicarias—com- 

paratively well-marked, when it bears its characteristic marginal fibres or cilia ; 

but these are frequently absent, in which case it passes into the preceding species, 

and others. 

Specimen 1.—Top of Ben Lawers, Perthshire, June 1856, W. L. L. The 

thallus is gray, thick, and much curled or gnarled. Spermogones are especially 

abundant on specimens bearing no apothecia; in them they are scattered gene- 

rally over the whole surface, while in specimens with apothecia they are chiefly 

confined to the margins. They are distinct black papille or cones, varying 

greatly in size, some of them very large. In the older spermogones the ostioles are 

large, gaping, and sometimes saucer-shaped; in the younger ones they are some- 
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times triangular, chink-like, or stellate-fissured. In other specimens from the 

same locality, the spermogones are very minute papillee, scarcely conspicuous ; 

or there is merely a round black spot, perforated by an ostiole. This is an 

excellent species in which to study the spermogones of Umbilicaria. The sper- 

matia are rod-shaped. and short. The sterigmata are composed of short, thick- 

walled, roundish cellules. 

Specimen 2.—Top of Ben Lomond, August 1855, W. L. L. Spermogones are 

here also abundant, as largish sub-prominent cones or papillee. 

Specimen 3.—Morchone (or Morven), Braemar, August 1856, W. L.L. The 

spermogones are very abundant, and occur in a great variety of forms. In one 

specimen, which is polyphyllous, much curled and convex, the ostioles are very 

patent, and surrounded by a prominent black edge. They give the thallus the 

appearance of being studded over with a series of black perforations. In another 

specimen, where the thallus is of an ashey-gray colour, the spermogones are pro- 

minent as minute black papillee, with an indistinct ostiole. In others, the spermo- 

gones are old, hypertrophied, and degenerate; they have no ostiole, and appear as 

black, flat, large irregular disks or tubercles, scattered irregularly over the surface 

of the thallus, to which they give a curiously warted character. They are generally 

most abundant and best marked in specimens destitute of apothecia. Sometimes, 

again, the spermogones are black cones, seated on the flattened apex of a second 

and larger cone formed of the thallus; and these double cones are frequently very 

distinct when the thallus is of a pale colour. 

Specimen 4.—Hills above Loch Freuchie, Amulree, Perthshire, May 1856, 

W.L.L. Apothecia abundant; marginal cilia long and strong. The thallus is 

light-coloured ; the spermogonal papilla black and distinct; the ostiole distinct, 

stellate-fissured, but not very large. 

Specimen 5.—Ben Lawers, August 1855, Dr GitcuristT; no apothecia. Thallus 

being pale-gray, the spermogones are easily seen; they are distinct large black 

papillze, scattered chiefly about the margins of the thallus; many of them are 

irregular, flattened, large, and hypertrophied. The spermatia are about goth long, 

and very abundant. 

Specimen 6.—Lochnagar, Braemar, July 1855, A. Croatt. The margins of the 

thallus are almost naked; and the plant approaches U. proboscidea. The sper- 

mogones are large cones or tubercles, darker than the thallus, with a round, elun- 

gated or stellate-fissured ostiole. 
Specimen 7.—Top of Muckish Mountain, County Donegal, Ireland, Professor 

Dicxir. The thallus is chiefly monophylous; its margin fringed with short, 

coarse, rudimentary fibres; the colour gray, the surface cracked, the consistence 

leathery. There are noapothecia. Spermogones are abundant and distinct, from 

. contrast with the pale colour of the thallus; they are small, black papille. The 

spermatia are jth long, and sapth broad. 
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Specimen 8.—Disco Island, Dr Lyatt, 1854; in Herb. Hooker, Kew; has both 
apothecia and spermogones. 

Specimen 9.—LEIGHTON exs. 95 (sub U. varia var. proboscidea, a. LEIGHT.), 
Clova; with apothecia. The spermogones are black cones, pretty well seen on 
the grayish thallus. 

Specomen 10.—ScuzZRER exs. 143 (sub U. polymorpha, a. cylindrica, A: Syn. 
Lichen crinitus, LiguTFooT); onthe Grimsel, Switzerland. The spermogones are 
submarginal, distinct, black cones or papille. 

Species 11. U. vellea, L., Fr., 

Which occurs in Europe, Abyssinia, the Canary Islands, and America. The thallus 
is usually pale in colour; hence the spermogones are easily seen. It properly, I 
think, ought to include the following species, U. hirsuta. 

Specimen 1.—Sierra de Estrella, Portugal, WeLwirzscu, ‘“ Crypt. Lusit.,” Nos. 
108 and 120. The spermogones are abundant, as small, black points, which are 
the ostioles of wholly immersed spermogones. The spermatia are about smth long, 
and sath broad; the arthrosterigmata have the same character as in all the pre- 
ceding species. 

Specimen 2,—Luz, Pyrenees, Spruce’s “ Lich. Pyrenzi.” The spermogones 
are largish black papillee, scattered about the margins of the thallus, surrounded 
by a pale thalline ring. This and the preceding specimen are in Herb. Hooker, 
Kew. 

SPECIES 12. U. hirsuta, DC., 

Which is found equally in Europe, America, and Asia. If it is not a form of the 

preceding, it is very closely allied. (cide ScuaRer exs. 137-40. Movuceor and 

Nester, 344 and 1144.) 

Specimen 1.—Hepp. exs. 117 (sub Gyrophora) ; on granitic rocks, St Moritz ; 

on upper and right-hand specimen in my copy; with apothecia. Spermogones are 

abundant about the periphery of the thallus, which is copper-coloured; they are 

large, distinct, elevated cones of the same colour as the thallus, except the ostiole, 

which is black, and round, or irregularly stellate-fissured. The body of the sper- 

mogone is easily enucleated, leaving an irregular saucer-like cavity. 

Specimen 2.—ScHARER exs. 137, sub U. depressa a. hirsuta, Son.; on granitic 

rocks, Alps of Switzerland. Spermogones abound about the margins of the thallus 

as small, obscure blackish cones, closely grouped. They occur also in ScH#ReEr’s 

exs. 138 (sub C. vulgaris), very indistinct; in 139 (sub D. abortiva), deformed and 

old; in 140 (sub /. rupia), large, distinct, and grouped. 

ee 
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FAMILY XII. Parmeuim. 

GENUS I. Sticta, Ach. 

The spermogones in this genus are more or less immersed in the tissue of the 

thallus, their presence being indicated on the surface of the thallus generally by 

a minute, punctiform brown ostiole. This ostiole may be flattened, slightly ele- 

vated, or depressed. It is also frequently seated on the apex of thalline papille, 

varying in size, and which, when confluent, as occasionally happens, may even 

assume the character of large irregular tubercles. Moreover, frequently in the 

same species, and even in the same specimen, the ostiole may be flat, depressed or 

papilleform. Now, it is of importance to bear this in mind, inasmuch as NyLan- 

DER describes the spermogones of Sticta as always and altogether immersed, 

and this he regards as a distinguishing character of Sticta, as contrasted with 

his genus Ricasolia, whose spermogones are mammillar tubercles. This I do not 

regard as a good, because by no means a constant, character. In regard to their 

spermogones, as to their thallus and apothecia, Sticta and Aicasolia pass into 

each other, and are inseparably united and intermingled. The division is purely 

arbitrary, and hence unnatural. In both genera the spermatia and sterigmata are 

precisely the same. In few species of either genus do the spermogones always 

maintain the same unvarying character. Though normally or generally puncti- 

form, they may be occasionally papilleeform; and though usually papilleform, 

they may be sometimes punctiform. Hence, I will speak of a form of spermo- 

gone predominating in certain species. With this explanation or reservation, I 

would say that the punctiform spermogone predominates in S. pulmonacea, syl- 

vatica, linearis, carpoloma, aurata, orgymea, faveolata, filicina ; the papilleeform in 

S. endochrysa, obvoluta, argyracea, damecornis, xanthosticta, cinereo-glauca, glabra, 

Freycinein, and laciniata: while the spermogones may be either flat, depressed 

or papilleform in S. flavicans, DUrvillei, and flabellata. Yn S. obvoluta, and 

damecornis, the papille are sometimes large, with a conspicuous brown ostiole ; 

and they then resemble nascent or young apothecia. ‘The spermogones of Sticta 

are sometimes easily seen on the beautiful yellow or glaucous thallus, from the 

contrast with the deep-brown colour of the largish ostiole. This ostiole, however, 
in the young and mature state, is generally more or less minute; and, added to its 
minute size, it is sometimes of so pale a colour that it is apt to be overlooked. 
Sometimes it is large and disk-like, flat or depressed, especially when crowning large 
papillz. With age, it expands, and when the nucleus or body of the spermogone 
falls out, as frequently happens, it may become saucer-shaped, with ragged, gene- 
rally thickened and dark-coloured, margins. In this state, the ostioles of old 

Spermogones sometimes have the aspect of black rings or disks, as occasionally 
in S. aurata. However large or small the ostiole or external protuberance of the 
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spermogone, its body is almost in all cases a large white kernel of a dense horny 

tissue, which becomes gelatinous and semipellucid in water. From its density, 

it can easily be enucleated with the point of a needle, and I have already stated, 

that it sometimes falls out of itself. The diameter of this body is sometimes th 

to ;th. The envelope, which consists generally of a brown cellular tissue, is about 

ath to sth thick. The depth of the spermogone is generally as great, at least, 
as that of the thallus: and it may form, as in Hndocarpon, a slight prominence 

on the lower as well as on the upper surface of the thallus, where its depth 

exceeds that of the latter. The spermogones may either be scattered over the 

whole surface of the thallus, or only about its margins; or they may be confined 

to the plicze or rugee, with which the thallus is sometimes conspicuously marked. 

They are usually scattered over the general surface in S. dameecornis, obvoluta, 

carpoloma, and gilva; they are chiefly confined to the margins of the lobes in 

S. endochrysa, orgymea, glabra, and Freycinetii ; and they are scattered on the 

rugee or plicee only, or principally, in S. pallida, and linearis. But this distri- 

bution is by no means invariable; for, in the same species, the spermogones 

may be distributed sometimes in the one way, sometimes in the other. The sper- 

matia, in all cases, are straight and linear or rod-shaped, with obtuse ends; 

their length varies from sath to sath; their breadth, from sooth to za th. ‘The 

sterigmata are, in all cases, articulated and longish, bearing spermatia in great 

abundance on their sides and apices. They are composed of small, round 

or cubical cellules, at first having thin walls, which latterly become greatly 

thickened by deposits on their interior. They vary in length from jth to ath, 
with a breadth of from y,th to ath. 

Species 1. S. pulmonacea, Ach., 

Which has a very wide geographical range, occurring in Europe, Africa, America, 

and Australia. 4S. dinita, Ach., which occurs in Europe and Asia, is included, and 

very properly, I think by NyLANpER, asa variety. The spermogones are normally or 

generally here punctiform and depressed; but not always, as NyLANDER and KorBer 

describe them, for | have met with them occasionally, though rarely, papilleeform. 

The body of the spermogone is spherical; the cavity simple; the envelope re- 

sembles in structure the cortical layer of the thallus, being composed of very thick- 

walled cells. The internal tissue is whitish or pale rose-coloured; and, when dry, 

has a consistence as dense as horn; hence it is divisible by the knife into very 

thin sections. The body of the organ causes a slight protuberance or papilla on 

the under surface of the thallus. The horizontal diameter of the spermogone is 

about 5th to ;th; the thickness of its envelope jth to th. The sterigmata are 

very irregularly ramose and long, reaching almost to the centre of the sper- 

mogonal cavity. The constituent, short, roundish, or cubical cellules have a 

very narrow cavity from thickening of their walis in process of growth. The 
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breadth of the sterigmata is about ath to anth. The spermatia are so abundant 

as to roughen the sterigmata, as it were, with small bristles; their length is usually 

about zuth to ath. The spermogones of this species probably constitute WaLL- 

ROTH’s variety stigmatea, and are also what he describes as a parasitic Sphwria, 

S. epiblastematica. 

Specimen 1.—Glen Muick, Braemar, Professor DickirE; no apothecia. The 

spermogones are old, and contain no free spermatia. They are scattered indis- 

criminately over the.surface of the thallus, and are not confined to the rugee, as 

is usually the case. They are frequently maculiform and degenerate. 

Specimen 2.—Guttanen Valley, Switzerland; in Herb. Hooker, Kew. The 

rugz are dotted over with abundant, minute, brown, papilleeform or punctiform 

spermogones. One specimen from Menzizs (habitat apparently not given), also in 

Herb. Hooker, has the rugze studded over with punctiform, brown, immersed 

spermogones. The thallus has entire, or nearly entire, large rounded lobes; its 

surface is marked by elevated rug and deep sulci; and its colour is deep-olive. 

It appears to me to be the S. anita, Ach. 

Specimen 3.—Bootan, India, Nurrauu. The spermogones are few, largish, and 

very distinct, scattered on the rugee. Also from Madras, Dr Wicur; East Indies, 

Mr SHEPHERD; all in Herb. Hooker, Kew. The ruge are sharp and well defined, 

and the spermogones scattered over them are largish, distinct, and brown. 

Specimen 4.—North-west America. Spermogones are sometimes here macu- 

liform, that is they are largish, brown spots, rather than mere points. Fort 

Vancouver, Columbia, ScouLErR ; bothin Herb. Hooker, Kew. Spermogones largish 
and distinct, brown, round, impressed. 

SPECIES 2. S. sylvatica, Ach., 

Which occurs in Europe, Africa, and Northern America. I have great doubts as to 

whether this is really separable, on any good grounds, from S. fuliginosa. Though 

this species is rarely found with apothecia, spermogones sometimes occur of the 

same character as those of the preceding species. They are usually, however, so 

minute that they are very apt to be overlooked. The body of the spermogone 

is of a yellowish colour, which contrasts readily with the white medullary tissue 

of the thallus, so that one of the best modes of examining or seeing the spermo- 

gones is to make a section through the brown punctiform ostioles, and through 

the thallus. The spermatia are about ath long. 

Specizs 3. S. cinereo-glauca, Tayl., 

A New Zealand species; in Herb. Hooker, Kew. The spermogones are small, 

inconspicuous, brown papille, scattered here and there over the lobes of the 

thallus. They resemble young apothecia, with which they are apt to be con- - 
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founded. But the lacerate-stellate border, gradually enlarging so as to show the 

disk, and their greater size will distinguish the latter. 

Speciges 4. S. jfilicina, Ach., 

A native of equatorial America, New Zealand, and Java. Its var. Menziesi, Hook. 

fils, occurs in New Zealand, the Antarctic Regions, and Nepal (syn. Sticta Men- 

ziesit, Tayl., in Dr Hooxer’s “ Flora of New Zealand’). In specimens, in Herb. 

Hooker, Kew, the spermogones are with difficulty discernable. The ostiole is 

generally depressed in the centre of crater, or cup-shaped cavities of the thallus, 

or of papilleeform elevations thereof. Sometimes the ostiole is black and puncti- 

form, more frequently it is so pale that it is very apt to be overlooked. 

Species 5. S. damecornis, Ach., 

Which occurs in Ireland, America, the African Islands, and Australia. This 

species is most variable, and it includes a number of well-marked or important 
varieties, of which may be mentioned :— 

Var. linearis, Nyl., Polynesia. 

, macrophylla, Hook., Ireland; African Islands; Java. 

rufa, Ach., Mexico. 

dichotoma, Del., African Islands; Java. 

sinuosa, Pers., Equatorial America; Philippine Islands. 

»  quercizans, Ach., America and Central Asia. 

Canariensis, Nyl., Madeira. 

ee 1.—Feejee Islands; high grounds; on trees, abundant; MILNE, 

H. M. S. Herald, 1855; in Herb. Hooker, Kew. Both apothecia and spermogones 

are marginal. The latter are usually brown warts, not very prominent, flattened, 

often grouped two or three near each other, varying in size. Sometimes, there is 

merely a brown spot, marked centrally by a depressed ostiole of irregular shape 

and size. 

Specimen 2.—Var. linearis, Nyl., Tasmania; Antarctic Expedition, 1839-48, 

Dr Hooker. This plant is extremely like S. pulmonacea, except that its laciniz 

are much more narrow and delicate. The apothecia are marginal, and, as well as 

the spermogones, are quite those of the species just named. The thallus is fur- 

nished below with short brown fibres in rigid tufts, as is frequently the case also 

in S. pulmonacea. The spermogones are abundant, minute, brown depressed 

points, distinctly visible under the lens, scattered along the margins of the 

lacinize, as well as on the rugee of the thallus. The body of the organ is large, 

white, hard, and easily enucleated. 

Specimen 3.—Var. macrophylla. This a bad name for a very variable form. 

Though in many cases the lobes are broad and round, and the plant bears the 

same relation to S. damecornis that S. linita does to S. pulmonacea ; yet in many 



OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEOUS LICHENS. 195 

other cases, and frequently in Irish specimens, the lacinize are much more narrow 

than those of |S. yu/monacea, and it ought to be referred to the var. /inearis. The 

_spermogones resemble those of S. pulmonacea, says TuLasnE. So far as regards 

their external characters, this statement does not at all agree with my own ob- 

servations. For, while those of S. pulmonacea, are generally minute and puncti- 

form, those of S. damecornis are generally largish and papilleform. The sper- 

matia and sterigmata are certainly the same in both; for they are the same, or 

at least similar, throughout the whole genus Sizcta. The ostiole is frequently large 

and round ; in the old state of the spermogone it may become an irregular, large 

stellate fissure, and the thallus may appear studded over with the pseudo-perfor- 

ations thus produced, precisely as in Parmelia saxatilis var. omphalodes. 

Rocks, Turk Waterfall, Killarney, Witson; in Herb. Hooker, Kew. (Sub 

nom. S. macrocarpa? var. syn. S. macrophylla, Tayl., in Macxay’s ‘ Flora 

Hibernica,’ p. 150.) This is certainly not a distinct species; and the specific 

name of the plant, S. damecornis, to which it belongs as a variety, ought to be 

restored to our Irish plant. The spermogones are papilleform. In some speci- 

mens the lobes are broad and rounded; but in others the segments of the thallus 

are much narrower, and resemble in their size and form those of S. pulmonacea. 

Specimen 4.—Var. macrophylla ; woods of Killarney; Tayutor, in Herb. 

Hooker, Kew. Taytorremarks on the label, “ I have seen specimens with seg- 

ments still narrower.” The colour of the thallus is deep-olive or brown. The 

papilleeform spermogones are with difficulty distinguishable; sometimes they are 

flattened, and have very pale-brown tips. In age they become large, with stellate- 

fissured ostioles. 

Specimen 5.—Var. macrophylla, Killarney Woods; Taytor, in Herb. Dr 

- Mackay, Dublin (author of the ‘“ Flora Hibernica”) ; with apothecia. In de- 

scribing the apothecia in the “ Flora Hibernica,” Taylor, apparently inadvertently, 

includes the spermogones, which he mistakes for young apothecia. The spermo- 

gones are large, brown-tipped papilla, resembling in form and size those of Rica- 

solia herbacea and R. glomulifera. ts spermogones should associate this plant 

with NyLanpeEr’s genus fcasolia ; but, in regard to cyphelle, it is a true Sticta. 

The spermogones are usually smooth and cone-like, with a round deep-brown 

ostiole ; but frequently also they are flattened, and their apex corrugated round 

a stellate-fissured ostiole. Their body is a kernel of dense white tissue, and 

which can be readily enucleated. The tissue becomes gelatinous under moisture. 

The spermogones are abundant, and are scattered over the whole surface of the 

thallus. The spermatia are about smth long, with a breadth of sath. The 
sterigmata are long and delicate, from ,;th to ;:th long, with a breadth of about 

anth, their articulations or component cells being distinct. 

Specimen 6.—Var. macrophylla, Java, Lops; in Herb. Hooker, Kew. This 

seems exactly the Irish plant. The spermogones are scattered chiefly about the 
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margins of the lobes or lacinize; they are punctiform and fiat or depressed, or 

papilleeform—rarely the latter. When papillzeform, they resemble the spermogones 

of Ricasolia herbacea, but are smaller. Sometimes they occur in the old state as 

mere dark maculee. 

Specimen 7.—Var. dichotoma, La Povurr, Mauritius; GarpNeER, in Herb. 

Hooker, Kew. The spermogones are either scattered generally over the surface 

of the thallus, or only on the margins of its lacinia. They are depressed, very 

pale points, and are very apt to be overlooked. 

Specimen 8.—Var. sinuosa, Philippine Islands, Cumine; in Herb. Hooker, Kew. 

The spermogones occur chiefly about the margins of the laciniz ; they are more 

frequently punctiform than papilleform, brown, and in all cases inconspicuous. 

The ostioles of the punctiform spermogones are generally depressed in crater or 

cup-like cavities of the thallus. 

Specimen 9.—Var. quercizans, Jamaica, PurpiE; in Herb. Hooker, Kew. The 

thallus is brownish; hence the spermogones, which are also brownish, are not 

easily seen. They are very small papillae, crowned with brown ostioles of a 

deeper tint than the papille themselves. 

Specimen 10.—Var. Canariensis, Madeira, LowE; on the trunks of Persea 

Canariensis, Canary Islands; Herb. Williamson, Dr Leman, both in Herb. 

Hooker, Kew. The spermogones are scattered chiefly about the ends of the lobes 

or laciniz. They resemble those of Ricasolia herbacea, being papilleeform ; the 

apices of the papillz are sometimes flattened, seldom depressed. 

Specimen 11.—Var. rufa, Ecuador, SrrmMann; in Herb. Hooker, Kew. The 

spermogones are here scattered chiefly about the periphery of the thallus; they 

are papilleeform, and resemble those of Ricasolia herbacea, but are small, and not 

so prominent. 

Specigs 6. S. argyracea, Del., 

Which occurs in America, Java, Cochin-China, Polynesia, and Australia. 

Specimen 1.— Pacific Islands, Stnciarr; Philippine Islands, Cumine ; Martinique, 

Juan Fernandez, 1830; Madras, Dr WieuT; all in Herb. Hooker, Kew. The sper- 

mogones are few, scattered, papilleeform, resembling those of Ricasolia herbacea, 

but are smaller and less prominent. 

Species 7. S. nitida Tayl., 

(Syn. S. flabellata Mont.) 
Specimen 1.—Chili, Lops; in Herb. Hooker, Kew. This is a narrow-lobed 

species, somewhat resembling S. damecornis. The spermogones are papilleeform 
or punctiform, scattered chiefly about the ends of the lobes. The papillzeform 
spermogones are frequently flattened on the apex ; the punctiform ones are black 
or brown, sometimes depressed, or surrounded by a thalline ring. In age they 
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may become maculiform. The spermogones may be papilleeform about the ends 

of the lobes, and punctiform, fiat, or depressed more centrally. Sometimes they 

are so abundant as to give the thallus a black or brown-punctate character. 

Sprcius 8. 8S. Freycinetii, Del., 

Which occurs in equatorial America, Australia, and the Antarctic Regions. 

Specimen 1.—Auckland Islands, Dr Hooker, in Herb. Hooker, Kew. The 

spermogones resemble those of S. orygmwa; they are mostly punctiform and 

- depressed, though sometimes papilleeform. Hooxer apparently describes them 

as abortive apothecia in his ‘“ Flora Antarctica,” (Part 25, p. 528, Plate 196, 

fig. 4.) 
Specimen 2.— Var. fulvocinerea, Mont. (Syn. Sticta fulvocinerea, Mont.) 

Straits of Magellan, Captain Continson. The spermogones are scattered imme- 

diately on or near the margins of the thallus; they are generally papilleeform 

and crowded, with a deep-brown or black ostiole or apex. Sometimes they are 

punctiform and flat, seldom depressed. The thallus is of a beautiful lemon- 

yellow colour; hence the spermogones are easily seen. 

Specimen 3.— Var. Gaudichaudii, Deu. (Syn. Sticta Gaudichaudii, DEL.) 

Australia, BrpwitL; in Herb. Hooker, Kew, as is also No. 2. The spermogones 

occur on the margins of the lobes, and are papilleeform and small, with a pale- 

brown apex. — 

Sprcries 9. S. laciniata, Ach. 

Specimen 1.—Xalapa, Mexico, Harris; in Herb. Hooker, Kew. This isa large, 

handsome species. The spermogones are subpapilleeform, sometimes flattened, 

scattered abundantly about the ends of the lobes. 

Species 10. S. faveolata, Del., 

A native of equatorial America and Australia. 

Specimen 1.—Chili, Lops; in Herb. Hooker, Kew. The spermogones are 

minute, depressed brown points, scattered on the rugze, precisely as in S. pulmo- 

Nace. . 

Specimen 2.—Var. Richardi, Mont. (sub Sticta); which occurs in Chili, Aus- 

tralia, the Auckland Islands, and New Zealand. A specimen from New Zealand, 

1853, in Herb. Hooker, Kew, greatly resembles S. pulmonacea in its linear laciniz, 

and its punctiform spermogones distributed on the thalline rugz. 

SPECIES 11. S. obvoluta, Ach. 

Specimen 1.—On the trunks and branches of trees in hill woods, Juan Fernan- 

dez, 1830; in Herb. Hooker, Kew; a very beautiful species, with marginal large ~ 

handsome apothecia. The spermogones are the largest I have found in either the 
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genus Sticta or Ricasolia. They are large papille, or cones of the thallus, paler 

than the surrounding surface ; sometimes confluent, and then becoming irregular 

tubercles. The cones are usually crowned by a brown apex, varying greatly in size, 

but resembling the disk of an apothecium. The ostiole is sometimes visible in the 

centre of this brown apical spot. The spermogones are scattered over the whole 

surface of the thallus, and bear a close resemblance to nascent apothecia. Inter- 

spersed among the spermogones are numerous small, round, soredic warts. The 

spermatia are about zath long, rod-shaped, with a breadth of sinth; on the usual 

arthrosterigmata of Sticta. In connection with NyLANDER’s division into Sticta 

and Ficasolia, according as the spermogones are punctiform or papilleeform, it is 

note-worthy here, that the papilleeform or mammillar spermogones are larger than 

in any species of /zcasolia I have yet met with! 

Species 12. 9S. xanthosticta, Pers. 

(Syn. lutescens, TAYL.); a species allied to S. jilicina, which is found in Ame- 

rica, the Canary Islands, and Java. 

Specimen 1.—Jamaica, Purpie; in Herb. Hooker, Kew. The spermogones 

are very minute, brown papillee, scarcely discernible even under the lens. 

Species 13. S. carpoloma, Del. 

(Syn. S. impressa, TAYL.); a species which inhabits equatorial America, Poly- 

nesia, and Java. ‘This isa very large and handsome species, having a pale- 

coloured thallus; hence the spermogones are usually more or less distinct 

and easily seen. 

Specimen 1.—New Zealand, Antarctic Expedition, 1839-43, Dr Hooxer, Kew. 

The surface of the thallus is smoothish; its under surface fibrillose and pale- 

coloured ; the apothecia marginal. The margins of the thalline lobes or laciniz 

are studded over with irregular cushion-like warts, which are soredic, and have 

no connection either with apothecia or spermogones. The spermogones are either 

papilleeform or punctiform ; when the former, they are chiefly scattered about 

the margins of the lobes; when the latter, they are either distributed over the 

whole surface of the thallus, or confined to the rug, with which it is marked, as 

in S. pulmonacea. When seated on the rugze, they are frequently disposed in a 

linear series; they are then usually brown and depressed, resembling the pricks 

of a needle-point. The thallus is sometimes somewhat raised round the ostiole, 

to which it gives the appearance of being girt by a ring or border. Tay or’s 

name, 7mpressa, was probably given in allusion to the punctiform, depressed 

Spermogones so abundantly scattered over the ruge. The spermatia are rod- 

shaped, and about ath long., The sterigmata consist of short, thick-walled, 

cubical cellules, precisely as in S. pulmonacea. 

Specimen 2.—Another specimen from New Zealand (sub nom. S. dmpressa, 
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TayL.), in the Herbarium, Royal Botanic Garden, Edinburgh, is of enormous 

size,—at least 1 foot in diameter. The spermogones are punctiform and immersed 

wholly ; they are either seated on the rugze, or scattered over the general surface 

of the lacinize towards their ends. 

Specimen 3.—Brazil, in Herb. Hooker, Kew (also sub nom. S. impressa, TAYL.). 

The spermogones are very distinct, punctiform, and depressed, dotting over the 

here very prominent rugze. Another specimen in Herb. Hooker (habitat not 

given), has spermogones irregularly scattered over the whole surface of the thallus, 

sometimes papilleeform, sometimes punctiform; in the latter case usually fiat, 

seldom depressed. 

Species 14. §. orygmea, Ach., 

Which occurs in equatorial America, Australia, and the Antarctic Regions. 

Specimen 1.—Lord Auckland Islands, Antarctic Expedition 1839-43, Dr 

Hooker. The spermogones are either papilleeform or punctiform; more fre- 

quently the latter. In the punctiform state, they resemble those of S. pulmonacea, 

but are larger and more distinct. They are scattered chiefly on the ruge of the 

thallus, and are very abundant. The spermatia are rod-shaped and about aath 

long; the arthrosterigmata have the usual characters of the genus Stzcta. The 

body of the spermogone is a whitish, dense, hard kernel, easily enucleated, as is 

generally the case in the spermogones of Sticta. 

Specimen 2.-Chiloe, Cumine; in Herb. Hooker, Kew. The spermogones are 

abundant about the edges of the lobes; they are minute black points, generally 

slightly depressed. Sometimes they are papillaeform, or the ostioles have a slight 

ring of thallus surrounding them. 

Species 15. S. flavicans, Hook. fils., and Tayl. 

I have great doubt as to this being properly a separate species; but I am not 

prepared to say to what species it is best referrible. 

Specimen 1.—Falkland Islands, Antarctic Expedition, 1839-43, Dr Hooxer. 
This is a large and handsome species, with abundant and very distinct spermo- 

gones. ‘These organs are usually punctiform and depressed, minute, black or 

brown round spots. Sometimes they are surrounded by a sub-prominent thalline 

margin; sometimes they are seated on distinct, thalline papillze, and the spermo- 

gones have then the aspect of those of Ricasolia herbacea. From the beautiful 
yellow colour of the thallus, the spermogones of this species are among the most 
distinct of those in the genus Sticta. The ostiole is generally not perceptible ; 
sometimes it is distinct in the centre of each of the brown or black round spots 

above referred to, as a round or stellate-fissured perforation. 

Specimen 2.—Hermite Island, Cape Horn, Antarctic Expedition, 1839-43, Dr 
Hooker; no apothecia. The spermogones are usually sub-papilleeform, scattered 
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sometimes over the whole surface of the thallus, sometimes over the margins of 

the lobes only. They are flattened and not prominent, the ostiole is almost 

always depressed. The body of the spermogone is a hard white kernel, easily 

enucleated. The spermatia are about smth long; the sterigmata are those of S. 

pulmonacea. 

Species 16. S. D’Urvillei, Del., 

Which occurs in equatorial America, and in New Zealand. 

Specimen 1.—Chili, Lops; in Herb. Hooker, Kew. ‘This plant seems identical 

with S. flavicans, Hook. ; and its spermogones are precisely similar. 

Species 17. S. endochrysa, Del. 

Specimen 1.—Andes, Lops; in Herb. Hooker, Kew. The spermogones are 

scattered near the periphery of the thallus; they are largish, brown, round spots, 

flat, or on the apex of slightly elevated thalline papillee. 

Species 18, S. gilva, Ach. 

Specimen 1.—Juan Fernandez; in Herb. Hooker, Kew. The spermogones are 

flat, punctiform, brown, scattered over the surface of the lobes of the thallus. 

Specimen 2.—Rocks, sea-side, Uitenhage, Cape of Good Hope (sub nom. S. 

crocata, Ach., var. 8. gilva, Ach.) The spermogones are scattered about the ends 

of the lobes; they are black or brown minute points, generally flat, sometimes 

papilleeform. 

SPECIES 19. S. aurata, Ach., 

Which has a wide geographical distribution, being found in India, America, Africa, 

Asia, Polynesia, and Australia. 

Speciinen 1.—Coll. Salwey ; in Herb. Hooker, Kew. Supposed to be an English 

specimen ; but no habitat is given! The thallus bears no apothecia; but old-and 

degenerate spermogones occur as minute, irregular, brown dots scattered abun- 

dantly about the periphery of the lobes. 

Specimen 2.—On trees, Minas-Geriies, Brazil, 1840; on trees, at an elevation 

of 7500 feet on the Cordillera, Oaxaca, Mexico; coll. H. Ga.eotti, 1840; both in 

Herb. Hooker, Kew. The spermogones are old and degenerate chiefly; they 

occur as largish black disks or rings; flat, seldom sub-papilleeform or depressed ; 

sometimes maculiform. 

Specimen 3.—Norfolk Island, Fr. THompson; in Herb. Hooker, Kew. The 

thallus is very handsome; about 1 foot in diameter, of a beautiful lake-colour. 

The spermogones are abundant, large, papilleeform, frequently with a deeper 

coloured ring or macula surrounding them. In another specimen, also in Herb. 

Hooker, from New Holland, both apothecia and spermogones are abundant. 
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Sproirus 20. S. glabra, Tayl. 

I do not regard this as a good species, but I am not prepared to allocate it. 

Specimen 1.—Falkland Islands, Antarctic Expedition, 1839-45, Dr Hooxer. 

In the character of its thallus, as well as of its spermogones, it closely resembles 

Ricasolia herbacea. The latter organs are abundant about the margins of the 

lobes, as large distinct papilla, marked on the apex by a round, brown spot 

which surrounds the ostiole. Sometimes they are grouped in twos or threes, 

though they are usually scattered singly; but they are seldom or never confluent. 

The spermatia are rod-shaped, and from gth to smth long; the sterigmata are 
composed of short, cubical, thick-walled cellules. 

SPECIES 21. S. pallida, Hook. fils. 

Specimen 1.—On the branches of decayed and live trees; forests, Kaipara, New 

Zealand, coll. by S. Mossman, 1850, No. 788; in Herb. Royal Botanical Garden, 

Edinburgh. This species appears to belong to the S. pulmonacea group of Stictas ; 

its laciniz are narrow and sub-linear; the lacunze deep; the rugze correspond- 

ingly prominent; the spermogones studded over these ruge, immersed and 

punctiform. 

GENUS II. Ricasouia, DN., Myl. 

The separation of this genus from Sticta, I have already pointed out, appears 

to me to be an exceedingly arbitrary and mischievous one. So far as the sper- 

mogones are concerned, most assuredly no distinction can be drawn between the 

two genera, for I have shown, under Sézcta, that several species of that genus have 

papillzeform spermogones as large as, nay even sometimes larger than, thoseof 

any of the Ricasolas, while others have papilleeform spermogones of the same 

character as those of Azcasolia, though somewhat smaller. I have also shown 

that it is very common for the same species of Sticta to have indiscriminately, 

papilleeform or punctiform spermogones, which latter may further possess flat or 

depressed ostioles. Precisely the same thing occurs in Ricasolia. In #. corrosa 

and &. Kunthii, | have found the spermogones either papilleeform or punctiform, 

the latter with depressed or flat ostioles. In A. dissecta, the spermogones are 

usually punctiform and depressed, exactly as in the S. pulmonacea group of Stictas. 

Sometimes, in /t. dissecta, as is frequently the case in the Stictas, the ostiole is sur- 

rounded by a sort of thalline ring. Here also the spermogones are rarely papilla- 

form. In &. crenulata, again, they are usually papillzeform, but small; punctiform 

ones, however, also occasionally occur. Sometimes a ring of thallus round a de- 

pressed or flat punctiform ostiole gives the semblance of a papillze, when this does 

not really exist. The spermogones of Aicasolia may be described in general terms as 
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precisely those of Sticta, with the single exception, that they are more generally large 

and papilleeform, resembling nascent apothecia. They are generally so large as 

to be visible to the naked eye, as in R. herbacea. Their diameter in this species is 

about sth to jth; in. R. glomulifera, th to th. They are frequently confluent, 
in which case they become still larger irregular tubercles, with a somewhat de- 

pressed apex. Occasionally the spermogones are flat, lurid, or deep-brown macule, 

as in certain forms or varieties of R. glomulifera. The ostiole is usually small and 

round; with age, it becomes frequently stellate-fissured, or it expands into a 

saucer-shaped cavity, with dark, turgid, irregular edges, when the nucleus or 

body of the old spermogone falls out. The thallus is sometimes studded over with 

black, very irregular perforations, where there existed old spermogones, whose 

nuclei have fallen out. The patent irregular ostiole frequently gives the spermo- 

gonal papilla the aspect of a young apothecium, as in R. herbacea and R. glomuli- 

jera. In regard to site, the spermogones may be either scattered over the general 

surface of the thallus, or chiefly on or about the margins of the lobes. They are 

peripheral in &. dissecta, crenulata, Kunthii, and coriacea. Sometimes they 

occur on large, deformed, wart-like growths of, and from, the thallus, resem- 

bling those of Parmelia saxatilis, on which Lecidea Smithii grows. Occasion- 

ally they are met with, seated directly on the margins of the lobes, to which 

they give a coarsely denticulate character, as in the analogous form of Parmelia 

perforata. Here they are rather barrel-shaped than mammillar or papilleeform. 

The internal tissue, spermatia and sterigmata, are quite those of Sticta. The 

typical species of the genus, /. herbacea and R&. glomulifera, were formerly in- 

cluded among the Parmelias by Scumrer and other authors, but I long ago 

pointed out that they really belong to Stzcta.* 

SPECIES 1.’ R. herbacea, DN., 

Which occurs in Europe and America. The spermogones are usually abun- — 

dant and very distinct ; hence this is one of the best species in which to study 

the spermogones of Aecasolia. Parmelia perlata is not unfrequently confounded 

with it; but the character of the spermogones suffices at once to distinguish 

these two lichens,—those of the Parmelia being punctiform, very minute, 

black, and immersed. ‘The large papillar or mammillar spermogones of £&. her- 

bacea have the same tint as the thallus, of which they appear to be elevations, 

with the exception of the ostiole, which is in the centre of a brown areola or spot 

seated on the apex of the cone. The spermogones are flattened or depressed at 

the apex; they closely resemble young apothecia; and the only safe way of dis- 

tinguishing them is by microscopic examination. The internal tissue is white, 

dense, horny, semi-transparent when moistened, of a grayish or pale rose tint. 

* Popular History of British Lichens. London, 1856, pp. 189 and 191. 
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Specimen 1.—On old trees, Inverary ; in Herb. Botanical Society, Edinburgh ; 

coll. by MauecuHan; apothecia abundant. The spermogones are plentiful, scattered 

about the periphery of the thallus as regularly formed, very prominent cones or 

papillee, readily visible to the naked eye. The ostiole is brown, circular, apical, 

distinct. The sterigmata are ramose, thick, irregular in outline, formed of short, 

cubical, or irregularly shaped articulations or cellules, which have very thick walls. 

With age, they acquire a greenish tint. From among these project a number of 

long, sterile, ramose, articulated filaments, of the character of those of Ramalina ; 

but neither so delicate nor soramose. The spermatia are longer than is usual 

in Sticta, being about sth to snth long; they are found in abundance only in the 

youngest spermogones. 

Specimen 2.—On young oak, Cawdor Wood, Nairn; coll. A.CroaLu; in Herb. 

Hooker, Kew. Spermogones are plentiful, but there are no apothecia. Appin ; 

coll. CARMICHAEL; in very large patches, with both apothecia and spermogones ; 

also in Herb. Hooker. 

Specimen 3.—Kerry, Ireland; in woods; TayLor in Herb. Mackay, Dublin. The 

spermogones are abundant; the older ones become flattened, and have a stellate- 

fissured, large, brown ostiole. The spermatia are apth to anth long, and smth 

broad ; the sterigmata are about anth broad. 

Specimen 4.—Killarney ; in Herb. Royal Botanical Garden, Edinburgh ; with 

apothecia. Spermogones large and abundant. 

Specimen 5.—Lachen, Sikkim, Himalaya, alpine region, at 11,000 feet, Dr 

Hooker ; in Herb. Hooker, Kew; withapothecia. Some of the spermogones are 

seated directly on the margin of the thallus, forming a kind of teeth, as in the 

denticulate form of Parmelia perforata. Their form is more that of a barrel than 

of a cone. 

Specimen 6.—South Africa, DrecE (sub nom.' Sticta quercizans, Ach.); Dax, 

Pyrenees, Spruce’s ‘“‘ Lich. Pyrenzi;” in Herb. Hooker, Kew. In both the sper- 

mogones are plentiful. 

Specimen 7.—LEIGHT. exs. 75 (sub Sticta, Delise, “‘ Eng. Bot.” 294); Ayrshire. 

The spermogones are subperipheral, large, and frequently confluent. 

Specimen 8.—ScH&RER exs. 560 (sub Parmelia letevirens a. simplex). On 

trunks of trees about Vire, PELVEr. Spermogones are plentiful. The spermatia 

are about sth long; the sterigmata th to mth long, 

Specizs 2. R. glomulifera, DN., 

Which occurs in Europe, America, and Asia. 

(Syn. Sticta amplissima, Kors, 68 ; Parmelia, Ach.) The spermogones are 

exactly those of the preceding species, but they are scarcely so prominent. 

Specimen 1.—On old beech trees, Inverary Woods ; in Herb. Botanical Society, 
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Edinburgh ; with apothecia and glomeruli. The spermogones are plentiful, but 

old, containing no free spermatia. ‘They are scattered about the margins of the 

lobes of the thallus, and closely resemble nascent apothecia, of which the brown, 

round, saucer-like ostioles somewhat resemble the disks. 

Specimen 2.—Minto Craigs, Roxburghshire ; Glen Lyon, Breadalbane, coll. by 

Rev. Hueu M‘Mittan ; both in Herb. Royal Botanical Garden, Edinburgh. Both 

specimens are spermogoniferous; neither have apothecia; and the Glen Lyon 

specimens have enormous glomeruli. In them the spermogones occur abundantly 

as lurid or brownish-red round macules, resembling the apothecia of Arthonia 

lurida. 

Specimen 3.—ScHARER exs. 559 (sub Parmelia amplissima, Scop.). Trunks of 

trees about Vire, Petver. The specimen has only two or three old spermogones, 
containing no free spermatia. 

Specimen 4.—Col de Lourvie, Pyrenees; “ without glomeruli always in this 

locality,’ remarks the Rev. CourcHILL Basineton on the label in Sprucn’s “ Lich. 

Pyrenzi,” in Herb. Hooker, Kew. Besides the ordinary form of spermogones, 

some are distributed on irregular, large, wart-like growths of and from the 

thallus, resembling those of Parmelia saxatilis, on which Lecidea Smithii and 

L. oxyspora grow. ‘These growths are subfoliaceous, of a deeper brown than the 

thallus, and manifestly distinct therefrom, or at least not a normal or usual 

part thereof. Over these wart-like growths are dotted the ostioles of immersed 

spermogones, which are brown, round, and rather larger than in the usual form 

of the spermogones. Under moisture, they swell so as to become small sub- 

gelatinous cones. The spermatia are about jth long, and sjqth broad. 

SPECIES 3. LR. coriacea, Tayl. 

Specimen 1.—New Zealand; in Herb. Hooker, Kew. The spermogones , 

resemble those of &. herbacea ; but they are smaller and more abundant. They 

are crowded about the margins of the lobes, are papilleeform, sometimes confluent 

and tuberculiform, with a brown apex. 

Species 4. AR. discolor, Ach., 

Which inhabits the Isle of Bourbon, Madagascar, and Java. 

Specimen 1.—Muckross, Ireland; on trees, 1828; in Herb. Hooker, Kew; 

named by NyLANDER himself. This appears to me simply our British &. herbacea, 

with a more delicate thallus than usual, but having apothecia and spermogones 

quite of the usual type. The spermatia are about gath long, and santh broad. 

Species 5. R. crenulata, Hook. 

Specimen 1.—On twigs, Juan Fernandez ; in Herb. Hooker, Kew. In regard 

both to its apothecia and spermogones, this species stands near &. herbacea and 
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Rk. glomulifera. The spermogones are smaller than in these species ; they are 

small papille, marked on the apex by a depressed, black, punctiform ostiole. 

They are scattered about the margins of the lobes. The spermatia are about 

amth long and sith broad; the sterigmata are xth to sth long, and agth broad. 

SPECIES 6. A&R. dissecta, Ach. 

Specimen 1.—Casapi, Peru, Marrnews; in Herb. Hooker, Kew; in large 

handsome patches. The spermogones are scattered sparingly about the periphery 

of the lobes, usually as depressed, round, black points. Though generally flat 

or depressed, they sometimes become papilleeform. Occasionally they are sur- 

rounded by a sort of ring of the thallus, well marked. When old, they appear 

frequently as largish black rings or disks, with a stellate-radiate fissure. The 

thallus is sometimes studded over with very irregular black perforations, where 

old spermogones existed, and the bodies or nuclei have fallen out. 

SpEcIES 7. R. corrosa, Ach., 

A native of equatorial America. 

Specimen 1.—(Sub nom. Sticta dissecta, Ach.); from Mr Dickson; in Herb. 

Hooker, Kew. No habitat is given ; but-it would appear to be from Scotland, as 

all Mr Dickson’s other collectanea are Scotch! The spermogones are sometimes 

punctiform, sometimes papilleform : in the former case they are usually de- 

pressed, in the latter they possess a distinct, brown, round ostiole. The body of 

the organ is a large, white, hard kernel, as in all Stictas and Ricasolias. 

Speciges 8. R&. Kunthii, Del. 

Specimen 1.—Organ Mountains, Brazil ; probably coll. by GARDNER; in Herb. 

Hooker, Kew. The spermogones are very abundantly scattered about the 

periphery of the thallus. They are usually round brown spots or points, flat, or 

sometimes depressed ; occasionally surrounded by a paler ring of the thallus, 

which gives them a pseudo-papillate appearance. They are seldom distinctly 

papilleeform. 

Specimen 2.—Chinos, Cordillera (Oaxaca), Mexico, at 7000 to 9000 feet of eleva- 

tion ; coll. by H. Gatzormi, 1840, No. 6895 (sub nom. Sticta fuliginosa) ; in Herb. 

Hooker, Kew. This specimen is closely allied to, if it is not a mere form or 

variety of, 2. herbacea. Its apotheciaand spermogones, spores and spermatia, are 

the same as in that species. 

GENUS III. Parmeia, Ach., Nyl. 

In this large and comprehensive genus the spermogones are chiefly black, 

punctiform, wholly immersed in the thallus, and scattered about the periphery of 

the thallus and on the convexities of the lacinize, where the thallus is divided into 
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narrow, linear, or sub-linear segments. These black points are the ostioles, which 

are usually round and very minute, but which are sometimes elongated, even 

lirelleeform, as in some forms of P. sinuosa. Sometimes the punctiform ostiole is 

perched on a pale thalline papilla or wart, as in some forms of P. tiliacea. As in 

most lichens, the ostiole, in the old state, is generally large and gaping, and it 

then frequently has a prominent ring-like border. The thallus is sometimes 

studded over with black, large, irregular perforations—frequently lacerate or 

stellate-fissured—as in P. stygia, P. trisiis, and P. saxatilis, var.omphalodes. The 

black punctiform spermogones frequently resemble parasitic Spherie, for which 

they were generally or often mistaken by earlier lichenologists. Seldom are they 

distinctly papilleeform, tuberculiform, or barrel-shaped, as in P. perforata var. 

denticulata. In the latter lichen, which is altogether an exceptional and anoma- 

lous one, the spermogones are very large barrels, studded on, and forming part 

of, the margins of the lobes, precisely as in the genus Platysma. What is* still 

more curious, they either occur alone, or they are associated on the same speci-' 

men with the ordinary black, punctate spermogones of P. perforata. Generally, 

the punctiform ostioles are extremely minute, as in P. sazatilis; they are of 

the same character, but rather larger and more distinct in P. perlata, P. physodes, 

P. tiliacea, P. perforata, and P. conspersa. From the fact that the ostiole, or 

that part of the apex of the spermogone which generally projects or is most 

visible on the surface of the thallus, is black usually, while the colour of the 

thallus itself is glaucous or gray, the spermogones of Parmelia are generally 

readily recognised. They are usually scattered, in considerable numbers, ‘out- 

side the region of the apothecia, on the surface of the thallus. In exceptional 

cases, they are confined to the margins of the laciniz or lobes, to which 

they give a more or less denticulate character. On the flattened linear lacinie 

of P. tristis they are small, and not very prominent; but in var. denticulata of 

P. perforata they are very large and conspicuous. Sometimes they are distri- 

buted on the flat surface of digitate expansions from the margins of the thallus, 

as in a form of P. perforata from the Organ Mountains, Brazil. Occasionally 

they are dotted over the exciple of the apothecia, and even on the saucer-like 

cavities left by the falling out of the disk in degenerate apothecia, as in P. con- 

spersa. In number the spermogones are generally considerable, even when 

merely dotted over the margins of the lobes. But sometimes they are dotted in 

great profusion over the whole surface of the thallus, as in P. encausta, P. 

olivacea, P. stygia, and P. conspersa. In the last-named species the name might 

be supposed to have been given in allusion to the great abundance of the spermo- 

gones. The walls or envelope of the spermogones are generally thick, and of a 

brown cellular tissue; they are frequently of the same structure as the epidermic 

or cortical layer of the thallus. The cavity is usually simple; the internal tissue 

dense, horny, hygrometric, and pale grayish. In the oldstate of the spermogone, 
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from the density of the internal tissue and the thickness of the walls, this organ 

is easily enucleated by a needle. In age, also, the cavity becomes obliterated, 

and is occupied by a mass or kernel-like nucleus, usually more or less spherical, 

‘of a horny consistence, and sometimes slightly coloured. The spermatia are 

straight, linear, and very delicate, more frequently acicular, with pointed ends, 

than rod-shaped, with obtuse extremities. NyLANpER describes them as very 

slightly attenuated in the middle. This I have not specially noticed. Their 

length varies from sjoth to anath, the average being about z,:th ; seldom are they 

so small as ;nth to wmth long, as in some forms of P. Fahlunensis. Some- 

times, as in some forms of P. tiliacea, they are double the length when attached 

that they are when free. In this instance, while still attached to the sterig- 

mata, they measure gath to smth long, and when thrown off and free, sth to 
ath. In such cases it would appear probable that, after becoming free, the 

spermatia divide into two equal segments. The breadth of the spermatia gene- 

rally varies from x onth to smth, or it isinappreciable. The sterigmata are gene- 

rally longish, very narrow and delicate, consisting of 2-3, or 5-6 linear elongated 

cells, which are sometimes articulated, united, or superimposed at very irregular 

angles. Their length generally varies from ;th to jth, their breadth from ;;th 

to mmth. They are sometimes ;;th to sth long in P. tiliacea, in which species 
the sterigmata are among the longest and most handsome I have seen. In many 

species, associated with the ordinary spermatiferous sterigmata, occur numerous 

elongated, very ramose, sterile, delicate filaments, resembling those of Ramalina,— 

as in P. physodes, P. stygia, and P. sinuosa. In the latter species they are about 

sath long. These anastomosing filaments serve to fill up the cavity of the sper- 

mogone. Pycnides occasionally occur in Parmelia. It may be doubted by some 

whether they really belong to the species on which they occur. But their occur- 

rence among the undoubted spermogones of the species, all of whose external 

characters they possess, and the acknowledged existence of pycnides in other 

lichens, similar to those of many fungi, seem to me strong reasons for regarding 

them as really pertaining to the lichens, on whose thallus they are found. They 

are in all respects similar to spermogones, except in regard to their stylospores 

and sterigmata. I found them chiefly in two Irish specimens, P. saxaiilis from 

Connemara, and P. sinuwosa from Dunkerron. From their abundance and pro- 

minence, the genus Parmelia is a good one in which to study spermogones. 

Species 1. YP. caperata, Ach., 

Which occurs in Europe, Africa, America, Asia, and Australia. 

Specimen 1.—Great stones, near Penzance, Cornwall; in Herb. Hooker, 

Kew. The thallus is very large and handsome—nearly a foot in diameter. 

Where the cortical layer is intact, the surface of the thallus is very 

rugose and warted. But the thallus is nearly altogether devoid of a cortical 
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layer, which has been eroded, exposing the subjacent white, medullary tis- 

sue. So much so is this the case, that the plant is scarcely recognisable as 

P. caperata. Apothecia, which are usually rare, are here abundant. ‘The sper- 

mogones are punctiform and immersed—black when dry, brown when moistened ; 

they are most irregular as to size and form, often chink-like, sometimes confluent. 

They are dotted over the rugose or warted portions of the thallus ; but they are 

most conspicuous on the white eroded portions, their brown colour forming a 

good contrast to the white of the medullary tissue. The body of the organ is 

spherical, and its cavity simple. 

Specimen 2.—Fermanagh, Ireland; Dr Scorr, 1803; wood, near Camelford, 

England, 1799; in Herb. Hooker, Kew. The thallus is coarsely warted, the 

warts or rugosities being studded over with punctiform spermogones, as in No. 1. 

Specimen 3.—Tasmania, very common; OLpFIELD; in Herb. Hooker, Kew. 

The spermogones are more distinct and abundant in this specimen than in any 

others of this species I have examined. They are distributed chiefly centrally on 

the thallus, but to a minor extent peripherally, and on specimens not bearing 

apothecia. The thallus is very rugose, and often consists centrally of a series of 

large cushion-like warts, which are abundantly studded over with spermogones, 

resembling parasitic Sphwrie. These spermogones are comparatively large, 

black, round rings or spots, superficial, flattened, varying in size, sometimes con- 

fluent and irregular, never distinctly papillate. In the centre of these rings or 

spots are the simple, round ostioles. The envelope is of a sooty black colour; 

the body of the spermogone is easily enucleated. The spermatia are acicular, 

about ja;th to sth long, and ;;;th broad. Korper very erroneously describes 
them, as in this species atomic and globular, which they certainly never are, 

according to my observations. ‘The sterigmata usually consist of two, or not 

more than three, elongated linear cells, articulated at irregular angles; their 

length is about th. The spermogones, which occur about the more flattened 

and simple margins of the thallus, are more usually simply punctiform, and 

wholly immersed ; nor are they so crowded as centrally. 

SPECIES 2. P. perlata, Ach. 

Almost a cosmopolite, as well as its well-marked but puzzling variety, ciliata, 

DC., which occurs in Europe, Africa, America, Asia, and Australia. This is a very 

variable lichen. Many forms of it, especially var. ciliata, so strongly resemble 

Platysma glaucum as to be constantly mistaken therefor ; others closely resemble 

forms of P. sinuosa, tiliacea, and other species. It passes into the next species, 

P. perforata, which | regard, indeed, as a mere variety of P. perlata. Its sper- 

mogones are generally black, punctiform, immersed, and scattered about the 

margins of the lobes of the thallus. Its spermatia are acicular and of medium ~ 
size ; its sterigmata are composed of a few linear articulations. 
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Specimen 1.—Old wall, Caerlaverock Road, Dumfries, August 1856, W. L. L. 

The edges of the thallus are marked by the presence of a few rudimentary 

cilia; the surface is fibrillose beneath; there are marginal soredia on some lobes. 

The spermogones are few, depressed, punctiform; the spermatia about ;,th 

long; the sterigmata of several cylindrical cells, irregularly articulated. 

Specimen 2.—Banks of Crinan Canal, Argyllshire, August 1856, W.L.L. The 

margins of some of the lobes are sorediiferous, of others black-ciliate. The sper- 

mogones are abundantly scattered about the edges of the lobes. The spermatia 
vary in length from goth to auth; the sterigmata consist of cylindrical cells, 
differing in length and breadth. Projecting from among the ordinary spermatifer- 

ous sterigmata occur many elongated, articulated, sterile ones, analogous to those 

of Ramalina. 

Specimen 3.—Dunkerron, Ireland ; coll. by Taytor; in Herb. Mackay, Dublin ; 

with apothecia. The margins of the thallus are ciliate. The spermogones are 

few, and chiefiy old, containing no free spermatia. 

Specimen 4.—ScH@RER exs. 360; trunks of trees, Switzerland. Here the 

spermogones are somewhat exceptional in their characters ; they appear to be old 

and hypertrophied, and contain no free spermatia. They are small, brown, semi- 

translucent, grain-like bodies, dotted thickly about the edge of one or two lobes. 

Specimen 5.—Karin Pass, Kumaon, Himalaya, at an elevation of 7500 feet, 

Dr Hooker; in Herb. Hooker, Kew; with apothecia. The plant closely resembles 

Platysma glaucum. The spermogones are as above described. Jamaica, PurpIE 

(sub nom. P. perforata); avery handsome specimen. Spermogones are large and 

abundant. Teneriffe; rocky parts of Lagura, 1845; BourGrau “PI. Canar.” 

No. 1088 (erroneously labelled P. conspersa). The margins of the thallus are 

ciliate. Teneriffe; common in the woods, 1845. Bourceau, ‘Pl. Canar.” No. 

1098. The spermogones abound about the margins of the lobes. 

Specimen 6.—Canary Islands, ex. Herb. Webbianum; in Herb. Hooker, Kew. 

This is exactly the plant that is imported, under the name of “ Canary Rock 

Moss,” from the Canary Islands into London for the Orchill manufacture. It 

bears no apothecia; centrally it is frequently sorediiferous or isidiiferous; it 

sometimes possesses terminal soredia also. In consistence or texture the thallus 

is leathery and thick; its surface is variously cracked and reticulated. The 

spermogones are abundant and large. 

Specimen 7.—Caribbean Islands, H. SMEATHMAN; Jamaica; both in Herb. British 

Museum. Neither bear apothecia; the latter has a ciliate margin. Both have 

abundant spermogones. These, and most of the specimens above enumerated, are 

referrible to the var. ciliata of P. perlata ; but in none of them is the ciliation of 

the margin so prominent or so constant as in those which follow. 

Specimen 8.—Var. ciliata ; on trees, Castle Bernard, Cork ; coll. CARROLL (sub 

nom. P. perforata). The P. perforata of Hook, “Engl. Flora,” p. 200; of 
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Acharius, of Leight. exs. 112, and of E. B. t. 2423, seem to me referrible to P. 

perlata. The confusion between P. perforata and P. perlata is constant, and the 

only way to avoid this for the future is, as I certainly do, to regard the former as 

a mere variety of the latter. Specimens with perforate apothecia are not at 

all common in the so-called P. perforata, and even when they do occur, they are 

not peculiar to this species, but are found as an accidental condition in various 

Parmelias. The majority of specimens of P. perforata I have seen are referrible 

to var. ciliata of P. perlata. To the same variety of the same species I am in- 

clined to refer P. proboscidea, Tayl., “ Fl. Hib.,” 143... This Castle Bernard speci- 

men has spermogones of the usual type of those of P. perlata. 

Specimen 9.—Var. ciliata, SOHARER exs. 253 (sub Cetraria glauca B. fallax, 
Ach.); in woods on Mount Gurnigel, Switzerland. The spermogones are old, 

containing no free spermatia; they are dotted over the margin of the thallus. 

ScurER has here made the very common mistake of confounding P. perlata 

with Platysma glaucum, whose marginal spermogones, as well as spermatia and 

sterigmata, however, at once distinguish it. 

Specimen 10.—Var. reticulata, Tayl. (syn. P. reticulata, Tayl. “ Fl. Hib.” 

148.) Taytor’s plant seems to me partly referrible also to P. sinwosa. Dunkerron, 

Ireland; coll. Taytor, in Herb. Mackay, and named by Taytor himself. The 

plant is most variable; some of its lobes are broad and rounded, as in perlata ; 

others narrow and sub-linear, as in s¢mwosa. The larger lobes are ciliate, precisely 

as in var. ciliata of P. perlaia; the smaller ones are frequently tipped with 

soredia as in stmwosa and its var. levigata. The reticulations, which give the 

plant its name, are merely cracks or fissures of a thick, coriaceous, old thallus. 

The plant bears no apothecia; but its spermogones are sub-marginal, and as 

described in other forms of P. perlata. The same plant occurs also (collected by 

Taytor) in Herb. D. Moore, Glasnevin, Dublin. New Zealand specimens of 

Tayior’s P. reticulata in Herb. Hooker I refer rather to P. stnuosa. 

Specimen 11.—Var. letiformis, Fée (sub Parmelia), Cuba, ex. Herb. Montagne; 

in Herb. Hooker, Kew. This is a very curious variety, in which the thallus is very 

rugose and warted, as in P. caperata, chiefly centrally, but the warted condition 

extending also almost to the margins of the thallus. The apothecia are very abun- 

dant and crowded, but all are degenerate ; the disk has fallen out, and the saucer- 

shaped cavity which contained itis of the same colour and substance as the exciple. 

The exciple is thick and warted; and the apothecia, which vary much in size, 

resemble so many warts of the most irregular forms. The thallus and apothecia 

are indiscriminately studded over with black, immersed, punctiform spermogones, 

as frequently also happens in P. conspersa. The spermatia are rod-shaped, 

smth long and south broad. The sterigmata consist of cylindrical, somewhat 

irregular cells, articulated at very acute angles; they vary in length from th to 

wth, with a breadth of sath. : 
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Sprcins 3. P. perforata, Ach., 

Which occurs at the Cape of Good Hope, in America, Polynesia, and Australia. 

Like the preceding, to which I believe it chiefly belongs, it is a most variable 

and puzzling plant. It is non-British, but frequent in warm climates; supposed 

British specimens are all referrible to P. perlata. The examination of a con- 

siderable suite of foreign specimens in the Hookerian Herbarium, named by Ny- 

LANDER himself, convinces me that the majority of foreign, equally with British 

specimens, is referrible to P. perlata, and that the perforate state of the apothecia 

is a most variable and unsatisfactory feature in either P. perforata or P. perlata. 

The normal spermogones of P. perforata would appear to be essentially those of 

P. perlata, being black, punctiform, immersed, and scattered on the flat surface 

of the thallus near its periphery. When degenerate, or aged, they sometimes 

become mere black maculze. In exceptional cases, the apothecia, as in var. 

letiformis of P. perlata, are studded over with spermogones. But the most 

interesting feature in regard to the spermogones is the occurrence, in var. dentz- 

culata, on the margins of the lobes, of enormous barrel-shaped ones which appear 

like a fringe or series of coarse black teeth. Sometimes these occur alone, or as 

the only form of spermogone; at other times, they are associated in the same 

specimen with the ordinary black punctiform spermogones. It is of much 

interest here to notice the double form of spermogone; the fact tends to prove 

that the lichens, as well as the fungi, may have several forms of reproductive 

organs, and that there is nothing more unnatural in supposing the lichens possessed 

of spermogones and pycnides—sometimes of more than one form of each—than 

in allowing that these latter organs are possessed by many fungi, which, for- 

tunately for themselves, have been more fully studied than the lichens! 

Specimen 1.—Long Island, North America, May 1856; Dr A.O. Broptr. The 

apothecia are very large and abundant; they are flat, cracked, or fissured at their 

margins, and have a central lacerate-elongate perforation or fissure. This is 

undoubtedly the P. perforata of authors; but the apothecia and spermogones, 

spores and spermatia, are all those essentially of P. perlata. The spermogones are 

abundant, and, under the lens, distinct; they are scattered about the periphery of 

the thallus. They are minute, round, black spots, or indistinct papillz, having 

their centre pierced by an ostiole, which is generally depressed. The latter is 

round and patent in the older spermogones; it has sometimes a sub-prominent 

black margin, or it may be surrounded by a pale thalline margin, not circum- 

scribed, but passing gradually into the ordinary colour of the thallus. Rarely it 

is seated on a distinct papillar elevation of the thallus. The body of the spermo- 

gone is wholly immersed, and consists of a grayish tissue. The spermatia are 

long delicate needles, about sth long, among the largest and most handsome I 
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have seen. The same remark applies to the sterigmata, which are made up of 

delicate, elongated, cylindrical cells. Intermixed with them are numerous very 

long branching delicate filaments, as in Aamalina, which obscure by their 

abundance the ordinary sterigmata, and fill up the cavity of the spermogone. In 

specimens also collected by Dr Bropis, and labelled Waterville, Long Island, 

April 1856, there are no apothecia, and the spermogones are old. They contain 

only sterile, elongated, branching filaments as above described, and which, with 

age, accumulate in the mature spermogone so as to obliterate the spermatiferous 

sterigmata. 

Specimen 2.—Rio Janeiro, 1846-51; from Henry Paut, Edinburgh. A very 

elegant and beautiful form, in which both the margins of the thallus and of the 

apothecia are ciliated. The spermogones are as described in No. 1. 

Specimen 3.—Mahasa, Simla, North-West Himalaya; temperate region at 

8000 feet; coll. by Dr Tuomas THomson; in Herb. Hooker, Kew. The thallus 

has a ciliate margin, and the spermogones are those of P. perlata. Lachen, 

Sikkim, Himalaya; temperate region at 9000 feet; coll. Dr Hooker; has 

no apothecia and no ciliate margin of thallus. Monkrum, Khasia; temperate 

region at 5000 feet; coll. by Drs Hooxer and T. Tuomson; all in Herb. 

Hooker, Kew. The spermogones are those of P. perlata. Madras, coll. Dr 

Hunter; also in Herb. Hooker. The margin of the thallus is slightly ciliate; 

the spermogones are those of P. perlata. 

Specimen 4.—(Sub nom. Lichen perforatus, Jacq.), ex herb. Dickson; in Herb. 

Menzies, Royal Botanical Garden, Edinburgh. The apothecia are large and per- 

forate; the margin of the thallus is furnished with long marginal cilia; and the 

spermogones are abundant, and of the character of those of P. perlata. 

Specimen 5.—Var. digitata mihi. Ascent to the Pedra Bonita, Leguca (Brazil), 

1836; coll. GEorRGE GARDNER ; in Herb. Hooker, Kew. The margins of the thallus 

are prolonged into curious finger-like lobes or lacinize, dotted over with black punc- 

tiform spermogones, which also cover a large portion of the thallus. The spermo- 

gones are largish and distinct. They occur also on a specimen from the branch of 

a tree in Jurajuba Bay, Rio Garda, 1837 (GARDNER), in which the thallus has a 

rusty-red tint. In a specimen also in Herb. Hooker (with no habitat given), 

which is referred to P. perlata by NYLANDER, the lobes are frequently divided and 

prolonged into linear lacinize, branching and dissected a good deal. These pro- 

longations are evidently the analogues of the digitate ones in Organ Mountain 

specimens sent home by Garpner. They are almost invariably covered over 

with black, punctiform, immersed spermogones; they are fringed with long 

beautiful black fibrils, as are also the margins of the ordinary lobes. The apo- 

thecia here are of enormous size. 

Specimen 6—Var. denticulata, mihi. Singalelah, Sikkim, Himalaya; alpine 

region at 11,000 feet ; coll. Dr Hooker; in Herb. Hooker, Kew. No spermogones 
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of the ordinary kind occur here; but on the margins of the lobes is seated a series 

of very large black cones, which resemble a fringe of coarse teeth. Some are 

rather barrel-shaped than papilleform; most of them are broad and short, 

and all have distinct ostioles. The spermatia are rod-shaped, about znth long, and 

santh broad. The sterigmata are about ath long, and zqth broad ; they are very 
| delicate, are composed of 5 or 6 delicate cylindrical articulations, and are with diffi- 

culty seen amid the dense, intertangled mass of sterile, elongated, anastomosing 

filaments, which project from among and far beyond them and fill up the 

cavity of the spermogone. The latter filaments resemble those of P. sazatilis, P. 

physodes, and many other Parmelias ; but they are usually much more abundant, 

and they branch and anastomose in all directions. The thallus bears apothecia ; 

the under surface and sometimes the margin are sparingly fringed with long 

black fibres. The spermogones here resemble those of Platysma, though the sterig- 

mata, spermatiferous and sterile, differ somewhat. Were it not that in the two 

following specimens these spermogones are found associated with the ordinary 

spermogones of P. perforata or P. perlata, there might be some difficulty 

in deciding whether this plant belongs to Platysma or Parimelia. As it is, I 

have no hesitation in placing it here. ‘The spermogones vary greatly in regard 

to size and closeness of apposition; hence they form a most irregular fringe or 

margin. 

Specimen 7.—Var. denticulata, Munklow, Khasia, India; sub-tropical region, at 

4000 feet; coll. Drs Hooxer and Tuomas Tuomson. ‘This appears to be a transition 

form of great interest, inasmuch as, in addition to the large barrel-shaped mar- 

ginal spermogones described in No. 6, it possesses black punctiform spermogones 

of the ordinary kind, dotted about the margins of the lobes. The plant bears 

_ apothecia; the margin of the thallus is slightly ciliate, and, but for the barrel- 

shaped spermogones, the plant has all the appearance of P. perlata. 

Specimen 8.—Var. denticulata, Nepaul; in Herb. Hooker, Kew; a very large 

and handsome plant. Like No. 7, this possesses both forms of spermogones, the 

barrel-shaped ones being among the largest and most distinct I have ever met 

with in lichens. Besides occurring on the margins, however, they are occasion- 

ally studded on the flat surface of the lobes, near their margins. The spermatia 

and sterigmata are precisely as in P. perlata. 

Species 4. P. crinita, Ach. 

Specimen 1.—Sicily Island, Ohio, U. S., America, Peck; in Herb. Hooker, 

Kew. This plant also seems to me referrible to var. ciliata of P. perlata; its 

lobes are fringed with beautiful long, delicate, black fibres. The spermogones 

are abundant, as they are in all extra-European forms of P. perlata and its con- 

" geners. 
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Species 5. P. tiliacea, Ach., 

Which occurs in Europe, Africa, America, Asia, and Australia. BayRHOFFER 

regards this as the type of a hermaphrodite lichen. From observations on this 

and other lichens, he maintains the doctrine, that spermogones are transformed, 

in the progress of development, into apothecia. There is certainly nothing in 

this species to warrant such a conclusion. The site and structure alike of the 

apothecia and spermogones are different. But BayRHOFFER’s views on this 

and other departments of physiological lichenology are now generally regarded 

as speculative in the extreme,—as more ingenious than sound. They will be 

found freely criticised in the “ Flora” for 1851-2, as well as in TuLAsNnE’s 

Mémoire, p. 165, et seg. From the pale-gray colour of the thallus, the black 

punctiform spermogones of this species are generally easily recognised. They 

are usually grouped, sometimes confluent, studded about the margins of the 

lobes. ‘The internal tissue is dense, horny, and of a grayish colour, the cavity 

simple, but obliterated with age, the whole body of the spermogone becom- 

ing a nucleus or kernel of a horny tissue. The spermogone, in its mature and 

old state, particularly the latter, is easily enucleated by the point of a needle. 

The sterigmata are about ;,th to qth long, and zath broad; they consist of five 

or six delicate linear articulations. The spermatia frequently differ in length, 

according as they are fixed or free; in the former case they are sometimes 

soth to goth. in the latter, sath to sath long. 

According to NyLANnDER, P. carporrhizans, Tayl., is referrible to P. tiliacea. It 

may be so pro parte; but the majority of specimens I have seen are certainly 

referrible rather to P. sinuosa. 

Specimen 1.—Scu#®RER exs. 358 (sub nom. P. quercifolia a. munda,) on the 

trunks and branches of trees, Mount Laiigenberg, Switzerland. The spermatia 

and sterigmata of the black punctiform spermogones are among the most beauti- 

ful I have seen in the genus Parmelia. Some of the attached spermatia are captli 

to smth long, with a breadth of s;,th. Intermixed with the ordinary spermati- 
ferous sterigmata are numerous elongated, sterile, ramose filaments, as in P. sazxa- 

tilis, P. physodes, P. perforata, and other Parmelias. The free spermatia measure 

sth long; some of the spermatiferous sterigmata, with the spermatia attached, 

about =,,th. 

Specimen 2.—B. de Bigorre, Pyrenees, Spruce’s “ Lich. Pyrenzi;” in Herb. 

Hooker, Kew; with plentiful apothecia. The spermogones are generally crowded 

on the convexities, and about the ends of the lobes, of the thallus, each being 

perched upon, or rather contained in, a pale cone-like elevation of the thallus. The 

ostioles are marked by largish black points. The spermatia are needle-shaped, 

about znth long, and s,5th broad. The sterigmata consist of five or six linear — 

delicate cells or articulations. 
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Specimen 3.—Medhari Pass, Kumaon, Himalayas, at an elevation of 8200 

feet; ex. Herb. Strachey and Winterbottom ; in Herb. Hooker, Kew (sub nom. 

P. scortea, Ach.) The thallus is smoothish ; the apothecia abundant. The sper- 

mogones are also plentiful, sometimes marked by black points, round or irregular, 

largish, seated on the summit of pale cone-like elevations of the thallus. Some- 

times they are confluent ; occasionally the black ostiole is depressed, and seated 

in the centre of a ring or macula of the thallus. 

Specimen 4.—Tasmania, Antarctic Expedition 1839-43, Dr Hooker ;. in 

Herb. meo; a small fragment on a twig, associated with Usnea barbata. It has 

no apothecia; but spermogones are abundant about the margins of the thallus, 

as distinct, black, round, papillar points, sometimes flattened, but never depressed. 

The spermatia are delicate needles, about zath long, seated on the apices and 

sides of articulated sterigmata, of the character described in No. 2. The cells or 

articulations, which compose the latter, differ much in length and breadth, though 

they are generally largish and cylindrical. 

Specimen 5.—On trees, Blankenburg, Hartz district, Germany; coll. Hamps, 

1846; exs. No. 43. Chinar, Kumaon, Himalayas, at 8700 feet; ex. Herb. 

Strachey and Winterbottom ; apothecia and spermogones abundant. Both organs 

also occur plentifully in specimens from New Zealand, coll. Cotenso; British 

North America, coll. Drummond; Ohio, U. S., America, coll. Lea (sub nom. 

P, galbina, Ach.) All these specimens are in Herb. Hooker, Kew. 

Specimen 6.—(Sub nom. P. submarginalis, Ach.) Canada, Carolina, and 

other parts of North America; in Herb. Hooker, Kew. This is a small form of 

the thallus, but the apothecia and spermogones alike are essentially those of 

P. tihiacea. The spermogones are black, punctiform, wholly immersed, and scat- 

tered about the ends of the lobes on their flat surface. 

SPECIES 6. /P. sinuosa, Ach. 

_ Almost a cosmopolite species. It is a most variable and puzzling species, and 

go closely resembles P. perlata, P. perforata, P. saxatilis, P. tiliacea, and other 

-Parmelias, as to be frequently confounded therewith. The apothecia are seldom 

met with, and the spermogones are generally neither abundant nor very distinct. 

There are several important varieties more or less well marked, viz. :— 

1. Var. hypothrix, Nyl., which includes, for the most part, P. carporrhizans, 

Tayl. It occurs both in Europe and in the Canary Islands. 

2. Var. relicina, Fr., which would appear to be marked chiefly by its yellow 
colour. This is not, however, a good, because not a constant, distinction. Speci- 

mens with a yellow thallus chiefly occur in foreign countries, such as America, 
Australia, and Java; but I have found them also occasionally in British specimens. 
Such specimens have generally a tougher thallus than in those of a white or gray 



216 DR LAUDER LINDSAY ON THE SPERMOGONES AND PYCNIDES 

colour, and its surface is generally more or less reticulate or fissured. Hence 
this var. passes into, and is closely associated with, var. reticulata. 

3. Var. reticulata is pro parte P. reticulata, Tayl., which also belongs partly 

to P. perlata. It is chiefly a New Zealand species. 

4. Var. rugosa, the P. rugosa, Tayl., “ Fl. Hib.,” 145, which may sometimes 

also belong, pio parte, to P. saxatilis. 

5. Var. levigata, Ach. The P. levigaia, Tayl., ‘“‘ Fl. Hib.,” 148, Eng. Bot., 

1852 ; chiefly an Irish species, but which occurs also in America. 

6. Var. erratica mihi, a curious erratic form, so far as ] am aware as yet 

peculiar to Melbury Hill, near Shaftesbury. Dorsetshire, 

Specimen 1.—On Dunkerron, Ireland ; coll. Taytor; in Herb. Mackay; with 

apothecia. The thallus is thick and coriaceous; the ends of the lacinice frequently 

bear large soredia, as is commonly the case in foreign specimens; and the colour 

of the thallus is that of P. conspersa. Its colour would refer it to NYLANDER’s 

var. relicina (Parmelia relicina, Fr.) Intermixed with the spermogones occur — 

Pycnides, having all the outward aspect, as well as the site, of the spermogones. 

It admits of a doubt whether these bodies really belong to P. sinuosa, as | have 

not found them in other specimens. But, on the contrary, there are no grounds 

for supposing that, while the spermogones of P. sinuosa really belong to that 

species, the pycnides which occur in this individual specimen do not! The 

pycnides are minute, black, punctiform bodies, wholly immersed, and scattered 

near the margins of the lobes, on their flat surface. Their envelope is brown. 

Their stylospores vary much as to size and form; they are mostly spherical or 

oval, about =;th in diameter, on very short, simple, linear sterigmata. The sper- 

mogones, with which these pycnides are associated, are frequently largish, brown, 

round bodies, seated on warts of the thallus. 

Specimen 2.—Apparently also from Ireland; coll. Miss Hurcuins, 1810; in 

Herb. Hooker, Kew; said to be “common on rocks.” The spermogones are 

chiefly old, and sometimes occur as largish, round, flat maculee. 

Specimen 3.— Ballachulish, Argyllshire, 1807; in Herb. Hooker, Kew. The 

thallus has the greenish-yellow colour of P. conspersa, and is therefore referrible — 

to Frirs’ P. relicina. The spermogones are few and scattered, and resemble out- 

wardly those of P. conspersa. Glen Nevis; coll. Borrer, 1810; also in Herb. 

Hooker; a few young spermogones, containing no free spermatia. 

Specimen 4.—Jamaica, Dr Wricnt. The spermogones are very abundant, 

dotting over the entire convex surface of the lacinie, but grouped especially about 

their extremities. They are generally brown, punctiform, wholly immersed, 

sometimes with a depressed ostiole, at other times seated on small, ill-marked | 

thalline papille, frequently irregular as to form. Mauritius, Boyer; Casapi, 

Peru, Martuews ; Columbia, Jameson ; Quito; old spermogones become large, , 

round, black depressions on the surface of the thallus; Chinar, Kumaon, Hima- 
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laya, at 8700 feet, ex Herb. Strachey and Winterbottom. All these specimens 

are in Herb. Hooker, Kew. 

Specimen 5.—Var. hypothria, Nyl. “ Lich. Paris.” (exs.) |The spermogones are 

very abundant and distinct on the smooth glaucous thallus, about its periphery, 

as minute, brown, elevated papille. The spermatia are delicate needles, about 

sath long, and s,:th broad; the sterigmata measure about z:th long, and are 

very irregular in outline from the acute angles at which the component cells are 

articulated. 

: Specimen 6.—Var. reticulata, New Zealand, Antarctic Expedition, 1839-43, Dr 

Hooker. The thallus is gray, or ofa very pale brownish-yellow colour, apparently 

the result of desiccation ; some of the lacinize have sorediiferous tips, others have 

black-ciliate margins. The spermogonesare old, few, and scattered about the ends 

of the lacinize or lobes; they contain no free spermatia. There are no apothecia. 

Specomen 7.—Var. rugosa, Blackwater River, County Kerry; coll. Taytor in 

Herb. Mackay, and named by Taytor himself. The spermogones occur mostly 

as brown points scattered about the ends of the lacinize; sometimes they are 

_sub-papilleeform ; when old and degenerate, or when confluent, they occasionally 

_become maculiform. The ostiole is generally so minute as to be inconspicuous ; 

_ but occasionally it has a thick, brown, prominent, ring-like margin. The sper- 

| matia are needle-shaped, about auth long, and s;,,th broad; the sterigmata con- 

| sist of few articulations. Specimens from the same locality in Herb. D. Moore, 

also collected and named by Tayuor himself, are identical with specimens in the 

Herbaria of Mackay and Hooker. ‘The young spermogones are generally puncti- 

form, brown, wholly immersed, studded singly, or in small-groups, on papillar 

elevations of the thallus. The older ones are chiefly single, each being the centre 

of a thalline papilla. The apex of this papilla forms a pale ring round the deep 

| chestnut-coloured ostiole, which is flattened or depressed. Sometimes these old 

| spermogones are so prominent as to appear like Verrucariw, or young apothecia. 

| In the old state of the spermogone, the ostiole is frequently gaping and fissured, 

and surrounded by a deep-brown ring, as is often the case also in P. sazatilis. In 

| a specimen in Herb. Carroll, coll. in County Kerry, in 1842, by D. Moors, the sper- 

| mogones are also old, prominent, brown papille or rings, with gaping ostioles. ‘The 

| plant has apothecia ; the thallus is very white or cream-coloured, smoothish, with 

| frequently proliferous margins. The laciniz are neither lacunose nor rugose ; 

| hence, in this case at least, and perhaps in the majority of cases, the name rugosa 

| is a bad and non-characteristic one. Many of the Irish specimens have a greater 

| resemblance, so far as regards their thallus, to P. sazatilis than to P. sinuosa. A 

| specimen from Dunkerron, Ireland, coll. by Taytor, in Herb. Hooker, Kew, has 

| spermogones which, with age, become brown superficial warts, perched on pale 

|, thalline papillee. The apothecia resemble those of P. saxatilis. 

Specimen 8.—Var. levigata. On Maam, Connemara, Ireland ; coll. D. Moore; 
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in Herb. Carroll. There are no apothecia; but old degenerate spermogones 

abound about the ends of the laciniz. They are brown, immersed, round, ellip- 

soid or lirellaeform, or still more irregular in form ; on free spermatia are seen. 

The colour of the thallus is white. Nova Scotia, 1784, in Herb. Menzies, Royal 

Botanic Garden, Edinburgh; has both apothecia and spermogones; as has also a 

specimen from Kollong, Khasia, India, temperate region, at an elevation of 5000 

feet ; coll. Drs Hooker and Tuos. THomson; in Herb. Hooker, Kew. 

Specimen 9.—Var. erratica mihi, Melbury Hill, near Shaftesbury, Dorsetshire, 

May 1857; coll. Sir WaLTer C. TREVELYAN of Wallington. This is a very curious, 

erratic, globular form, the thallus having become repeatedly curled inwards on 

itself, so as to assume the form of a small ball; it was found lying free or unat- 

tached on the ground, rolling before the wind on the downs of Melbury Hill. 

Specimens were submitted by Sir WaLTER TREVELYAN to the most distinguished 

British lichenologists, all of whom were puzzled in regard to its name and place 

in classification, and each of whom ascribed it to a different species. Sir W. 

Hooker referred it to P. sazatilis ;* the Rev. M. J. BerKELEY and the Rev. 

CHURCHILL BasineTton to P. stellaris ;* the Rev. W. A. Leicuton to P. sazatilis, 

of which he constituted it var. concentrica ;+ while I placed it provisionally under 

P. cesia.t This difficulty or dubiety arose from the absence of apothecia. Nor, 

when I first examined the plant, did I find any spermogones; but in specimens 

subsequently sent me by Sir WaLTER TREVELYAN, I have been successful in find- 

ing them in small quantity; and hence am now able to refer the plant to P. s¢nu- 

osa. Many specimens are very like P. perlata, and others like P. saxatilis. But 

the examination of a suite of specimens, in very different states, leads me to place 

it here; constituting it, as it deserves, into a distinct variety, to which I give, in 

allusion to its peculiar habit, the appellation erratzca. The thallus is smooth and 

glaucous; marginal soredia and marginal cilia are occasionally found on some 

specimens, and on some lobes. The spermogones are few, old, and scattered about 

the ends of the lacinize; they contain no free spermatia. Outwardly, they have all 

the characters of those of P. senuosa. In some specimens the plant is associated 

with spermogoniferous states of P. physodes, and has evidently been detached from 

the twigs of trees, which would appear to be its normal or usual habitat. 

Specimen 10.—Var. Caracensis (Parmelia Caracensis, Taylor), Caracas, South 

America; coll. J. Lrinpen, 1842, exs. No. 576 ; also Columbia, JamEson; both in 

Herb. Hooker, Kew. The spermogones are scattered about the ends of the lacinie, 

the young ones as punctiform, immersed, black bodies, the old ones as small black 

* Qardener’s Chronicle, Feb. 9, 1856, p. 84, and March 15, 1856, p. 172, Scottish Gardener, 
No. 3, p. 100, March 1856 (Proceedings of Botanical Society of Edinburgh). 

+ Leteuton’s Lich. Britannici exsicc. Fasc. 8, No. 232 (1856). 
+ Popular History of British Lichens, London, 1856, p. 211, e¢ seg. Monograph of the Genus 

Abrothallus, in Quarterly Journal of Microscopical Science, January 1857, p. 41. 
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sub-prominent papillae. The cavity is simple; the spermatia are about sth long, 

and sath broad, needle-shaped; the sterigmata are jth to guth long, and consist 
_ of a few articulations only. Projecting from among the latter, are numerous elon- 

gated, very ramose, and delicate filaments, generally about ;th long, asin P. saz- 

atilis, P. physodes, P. perforata, and other Parmelias. 

Species 7. P. mutabilis, Tayl. 

Specimen 1.—On rocks, Uitenhage, Cape of Good Hope; in Herb. Hooker, 

Kew. This plant is at least partly referrible to P. conspersa. The spermogones 

are brown, punctiform, wholly immersed; grouped in considerable numbers on 

the convexities and about the ends of the laciniz. The spermatia are acicular, 

about sth long, and sith broad; the sterigmata about gath to sath long, asso- 

ciated with a few elongated, sterile, ramose filaments, as in P. physodes, &c. 

Species 8. P. Kamtschadalis, Ach. 

An Asiatic species, some of whose varieties, however, occur also in America. 

This species is so protean and puzzling that it is necessary to study very care- 

fully all its varied forms. It appears, on the one hand, to pass into Hvernia fur- 

furacea, and, on the other, into P. physodes and P. perlata. In the Hookerian 

Herbarium it is partly included under the genera Borrera and Evernia, being sup- 

posed, apparently, allied to Hvernia furfuracea, from which, indeed, it is frequently 

indistinguishable on cursory examination. The peculiarity of the plant is that 

the thallus is prolonged into linear, digitate processes, more or less irregular 

in form, which are sometimes convex above, and channelled below, as in Hvernia, 

sometimes fistulose (var. jistulata, Taylor). These thalline processes appear 

analogous to those that occur in Organ Mountain specimens of P. perforata. 

Specimen 1.—Kumaon, India; in Herb. Hooker, Kew. The thalline lobes 

are frequently margined by long, irregular, narrow processes, which are at first 

merely channelled below and convex above, but which, from curling in, or involu- 

tion of the margins, become sub-fistulose and nearly round. The flat processes, 

especially, sometimes give off from their ends secondary or smaller processes of a 

similar kind, in groups or tufts. All these processes are studded over with black, 

punctiform, immersed spermogones, with acicular spermatia, about ath long, and 

sterigmata, consisting of a few articulations, about jth long. Specimens also in 

Herb. Hooker, from Nepaul and the Neilgherry Hills, India (ex. Herb. Montagne), 

have laciniz abundantly dotted over with spermogones, resembling those of 

P. physodes, vay. vittata, Scherer. Some forms of this species are also very like 

P. perlata. 

Specimen 2.—On the white oak, California; coll. DrtaHron, 1857. The apo- 

thecia resemble those of P. physodes; but they are scattered about the ends 
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of the long linear laciniz or processes. Some specimens so closely resemble 

P. physodes, in some of its aspects, that they might be referred to that species as 

a variety. The spermogones are abundant about the ends of the laciniz or pro- 

cesses; they resemble those of P. physodes in internal structure and contents, as 

well as in outward aspect. The spermatia are acicular, about gnth long, and 

sooth broad. The sterigmata consist of a few delicate cylindrical articulations, 

and are associated with long ramifying and anastomosing filaments, as in P. phy- 
sodes. The spermogonal envelope is of a pale-brown cellular tissue. 

Species 9. P. moniliformis, Bab. 

Specumen 1.—New Zealand, Colenso, Nos. 863 and 2685; in Herb. Hooker, 

Kew. This plant is very closely allied to P. conspersa, if it does not belong thereto 

merely as a variety. Two forms of it here occur. One has linear, simple laciniz, 

of a beautiful lemon-yellow, dotted over with punctiform, black, immersed sper- 

mogones. The other has lobes much corrugated and warted, convex and deformed ; 

these too are dotted over with spermogones, which have all the external characters 

of those of P. conspersa. These spermogones are frequently confluent, joining 

each other by black radiating fissures; sometimes they are large and almost 

papilleeform. The spermogones are also studded over the warts, with which the 

thallus is more or less plentifully covered, and they occasionally occur also on the 

apothecia, especially the young ones. The spermatia are acicular, about smth 
long, and 3;0th broad. 

Species 10. P. colpodes, Ach. 

(Syn. P. Michauxu, Auct.) 

Specimen 1.—North America; in Herb. Hooker, Kew. This species, like the 

last, is closely allied to conspersa, if it does not belong to it. The spermogones 

are scattered over the convexities and about the ends of the lobes; they are 

brown, punctiform, immersed. The ostiole is sometimes easily seen under the 

lens; it often appears surrounded bya brown ring. The spermatia are acicular, 

and about sath long, and sath broad; the sterigmata are about jth in length, 

and are composed of a very few long delicate cylindrical cells, articulated at very 

irregular and acute angles. 

Species 11. P. physodes, Ach. 

Almost a cosmopolite. This is a most changeable plant, containing a number of 

marked varieties, to two only of which NYLANDER gives separate names—viz., var. 

lugubris, Pers., and var. enteromorpha, Ach., both American species. I also refer 

to this species, AcHartus’ P. encausia. In all forms of P. physodes, spermogones 

are more or less plentiful; in some to such an extent as to have been chiefly or 

wholly the source of the names given to its varieties by earlier lichenologists. 9 

A 
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Thus Scxarer’s varieties y. multipuncta and 6. vittata of his P. ceratophylla, as 

well as the var. stzgmatca of Wallroth, are mainly or merely spermogoniferous 

states. The spermogones are usually largish and distinct, scattered about the 

ends of the lacinie ; they are black, punctiform, and immersed. In the old state 

the ostioles frequently become large and distinct, generally round, though often 

_ stellate-fissured, sometimes surrounded by a turgid brown ring; at other times 

they are confluent and maculiform. The spermatia are acicular, and about 

anth to mth long, and s5nth to sooth broad. The sterigmata are usually com- 
posed of a few delicate cylindrical articulations, and measure in length, with the 

spermatia attached, about 7th to ;~th, their breadth being about zisth to puth. 
Associated with the ordinary spermatiferous sterigmata are elongated, very deli- 

cate, branching and anastomosing filaments, which project into and fill the cavity 

| of the spermogone. Their length is frequently about sth to sth. 
Specimen 1.—Craigie Hill, Perth; on old walls; April 1856, W. L. L.  Sper- 

| mogones are very abundant, in all their stages of development. The older ones 

have a distinct round black ostiole, surrounded by a prominent ring or border, 

| brown or black. Sometimes, on the darker lacinize, contiguous ostioles are united 

| by black fissures passing between them ; sometimes they become confluent and 

maculiform. This specimen has abundant apothecia ; the young ones sometimes 

| resemble the brown rings which occasionally surround the spermogonal ostiole. 

There is great. variety in regard to the form and size of the laciniz: sometimes 

they are short and broad ; at other times long and narrow, terminating or not in 

soredia. 

Specimen 2.—Blaeberry Hill, Perth, April 1856, W. L. L.; on the bark of firs 

and other trees. The thallus has short broad lacinize. Many of the spermogonal 

ostioles are depressed; sometimes a chain or group of ostioles is united by a 

series of black cracks or fissures. The ostiole has also frequently a prominent 

black border. Corticolous specimens are destitute of apothecia, which, however, 

occur sparingly on saxicolous ones in this locality. 

Specimen 3.—Kinnoull Hill, Perth, March 1856, W. L. L.; on the stumps of 

dead firs and pines; with apothecia. The spermogones are few; the laciniz are 

elongated and sorediiferous, and inflated at the ends. 

Specimen 4.—Knock Hill, Crieff, June 1856, W. L. L.; on the bark of firs and 

pines, especially the Scotch fir (Pinus sylvestris). The apothecia are very abun- 

dant, more so than in any specimens of this species I have ever collected or seen. 

The spermogones are also plentiful. 

Specimen 5.—Moncreiffe Hill, Perth, on rocks, August 1856 ; coll. Dr Murray 

Linpsay ; broad-lobed form ; no apothecia. 

Specimen 6.—In woods, between Dalmahoy and Currie, near Edinburgh, June 

» 1856; coll. Dr Murray Linpsay; on trees; with apothecia. The thallus is of a 

dark-gray; the laciniz are narrow, elongated, and sorediiferous. The spermo- 
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gones are associated with large, flattened, black maculee, which seem fungoid in 

their nature. 

Specimen 7.—On rocks, Morchone, Braemar, August 1856, W. L. L.; with 

apothecia. The central as well as peripheral parts of the thallus are studded 

over with very minute black punctiform spermogones. 

Specimen 8.—On blasted Scotch firs (Pinus sylvestris), Glen Lui Beg, Braemar, 

August 1856, W. L. L.; no apothecia. Spermogones are of the usual character. 

Specimen 9.—Bridge of Cally, Blairgowrie, August 1856, W. L. L.; on walls; 

no apothecia. The thallus is eroded in patches, exposing the white medullary 

layer. Roadside walls, Spittal of Glenshee, Braemar, August 1856, W. L. L.; no 

apothecia. The spermogones are large; the ostioles patent, with thickish, dis- 

tinct, black borders, which are ring-like. Frequently the spermogones are con- 

fluent and maculiform. 

Specimen 10.—Melbury Hill, near Shaftesbury, Dorsetshire, May 1857 ; coll. 

Sir WatTEr C. TREVELYAN; associated with P. sinuosa, var. erratica. The sper- 

mogones are few and scattered. 

Specimen 11.—On a stone fence, near Montrose, Forfarshire, July 1843; coll. 

A. CROALL; with apothecia. The spermogones are extremely minute, brown, 

and punctiform, scattered about the ends of lacinize with large terminal soredia, 

and inflated or bullose tips. In specimens from Guthrie, Forfarshire, also coll. 

by CroatL, in Herb. Hooker, Kew, the lobes are broad and simple, but the sper- 

mogones are the same. 

Specimen 12.—Kildale, Cleveland, Yorkshire, 1855-6; coll. W. Mupp. The 

thallus is of a darkish hue; the spermogones are very minute and punctiform, 

giving the lacinize the appearance of being covered with a series of very minute 

black perforations. 

Specimen 138.—On the white oak of California; coll. DetaHton, 1857; with 

abundant apothecia. The plant resembles ScHmRER’s var. 7. multipuncta, which, 

however, he describes as chiefly saxicolous. The laciniz, or segments of the 

thallus, differ much in form and size; some are narrow and linear, not terminat- 

ing, however, in inflated bullze or soredia; others are flattish, sub-fastigiate at 

the ends, and somewhat retuse, also like the lacinize of P. saxatilis. The sper- 

mogones are minute, punctiform, black. The spermatia are acicular, about zath 

long, borne on the apices and sides of sterigmata, which are composed of two or 

three delicate, cylindrical articulations only. From among the latter project 

numbers of the elongated, sterile, very ramose filaments already described as so 

generally occurring in P. physodes. 

| Specimen 14.—On rocks, Blackpool, near Cork; coll..Carroit. ‘This is near 

SCHARER’S vars. 7. multipuncta and 0. vitiata. Though in these spermogoniferous 

states of P. physodes, spermogones are abundant, they are generally old and de- 

generate, and he who expects always to find in them abundance of spermatia will 
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‘most assuredly be frequently doomed to disappointment. In specimens on bark 

from Ardrum, near Cork, also collected by Carrou, the spermatia are delicate 

needles about gsth long, and nth broad; the sterigmata, with spermatia attached, 

measure ~:th to zath long, and smth to iomth broad. The elongated, ramose, 

sterile filaments reach a length of jth to soth, with a breadth of ynth to sath. 
The envelope is of a pale-brown cellular tissue. 

Specimen 15.—ScH#RER exs. 367 (sub 0. vittata); on firs. There area few old 

spermogones on the lower specimen in my copy (ed. alt. immut. 1840), scattered 

on the convexities of the laciniz near their ends. The ostioles are large, round 

or oval, with a turgid, black, ring-like border. 

Specimen 16.—Van Dieman’s Land; coll. Cuas.Stuart. The thallus is broad- 

lobed, very white; the apothecia are seated on bullose erect pedicles, or podetia- 

like dilatations of the lobes, which resemble those of Leptogiwm bullatum. The 

| spermogones are very abundant, large, and easily seen. Mauritius; both speci- 

| mens being in Herb. Hooker, Kew. 

Specimen 17.—On trees and rocks, forests round Mount Wellington, Van Die- 

man’s Land; coll. Mossman, 1840; in Herb. Royal Botanic Garden, Edinburgh. 

| The lacinize are large, white, and glossy ; the apothecia and spermogones plentiful, 

and of the ordinary characters. 
Specimen 18.—Var. vittata, Scher.; West Coast of North America; coll. A. 

Menziss, 1787; in Herb. Menzies, Royal Botanic Garden, Edinburgh. The laciniz 

are very long, flaccid, narrow, and everniiform. There are no apothecia; and the 

spermogones are few but large. In a specimen from the same locality, also col- 

lected by Menzizs, in Herb. Hooker, Kew, the lacinize are pendent, and some- 

times bullose at their extremities; the spermatia and sterigmata of the spermo- 

gones are quite those of our British P. physodes. 

Specimen 19.—Norway ; in Herb. Hooker, Kew; very near ScumreEr’s vittata. 

Some of the laciniz are wholly dotted over with old spermogones, in few or none 

of which are spermatia discoverable. 

Specimen 20.—Var. lugubris, Pers., Avon Ranges, Australia; coll. MuLuzr, 

1854; in Herb. Hooker, Kew; with apothecia. The plant greatly resembles P. 

encausta, the whole surface of the lacinize being black-punctate with immersed 

spermogones, as in that species. 

Specimen 21.—Var. enteromorpha, Ach. (sub Parmelia enteromorpha, Ach.) ; 

Tasmania, Antarctic Expedition 1839-43, Dr Hooxer. This is a form trailing 

over shrubs of various kinds, just as it does on heather, &c., in this country. In 

some specimens apothecia abound, and the same specimens are generally more or 

less plentifully dotted over with spermogones. ‘They are in all respects those 

| of the type to which this plant manifestly belongs as a variety. They are 

_ usually grouped in large numbers; the ostiole is flat or depressed, never papillate. 

| The spermatia are acicular, about anth long. Associated with the sperma- 
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tiferous sterigmata, occur the elongated, branching ones, already so frequently 

described. 

Specimen 22.—Var. enteromorpha, Falkland Islands, Antarctic Expedition, 

1839-43, Dr Hooker. The laciniz are longish and narrow, convex above; concave 

under surface of a pitchy black colour. The spermogones are as in No. 21. 

Specimen 23.—Var. enteromorpha, West Coast of North America; coll. A. MEN- 

ziES, 1787; in Herb. Menzies, Royal Botanic Garden, Edinburgh. The ends of 

the lacinize, which otherwise resemble those described in No. 22, are bullose or in- 

flated; on these bullose extremities the apothecia are seated. The spermogones 

are abundant, and as in No. 21. In American specimens they sometimes become 

papillzeform, but more usually they are punctiform. Spermogones are also plen- 

tiful in specimens from the North-West Coast of America, DoueLas; Russian 

America; the Oregon River, ScouLER ; and Monterrey, California, BEEcHEY,—all 

in Herb. Hooker, Kew. 

SPECIES 12. P. encausta, Ach., 

Which is more or less abundant in various alpine parts of Europe. As I have 

already stated, I regard it simply as a variety—an alpine spermogoniferous one— 

of the preceding species. The spermogones are generally much more profusely 

scattered and easily seen than in P. physodes; they are larger, and cover over 

the whole surface of the laciniz and thallus. They are wholly immersed, their 

form subspherical, their cavity simple, their thickish envelope at first grayish, but 

becoming black. The spermatia, sterigmata, and ramose filaments of the spermo- 

gones are precisely as in P. physodes. The thallus, however, is much thicker, 

generally coriaceous ; the lacinize very narrow, and convex on their upper surface. 

Specimen 1.—Var. stygioides ; summit of Cairngorm, Braemar, August 1856, 

W.L. L. The thallus is centrally of a brown tinge, and pale or whitish only at the 

periphery. From its great general resemblance to P. stygia, with which it is very 

apt to be confounded, I propose designating this plant, provisionally at least, var. 

stygioides. The spermogones are very distinct on the laciniz, as small black cones 

or papille. I have gathered similar specimens, but in very small quantity, on 

Morchone, Braemar; in considerable abundance, however, on the summit of Ben 

Nevis. The lacinize are frequently sub-articulated ; the spermogones are sometimes 

large and irregular, with ostioles which are patent and easily seen. Sometimes the 

segments of the thallus are lobes instead of lacinize, broadening at their periphery or 

ends, and dotted over with punctiform spermogones, as in the ordinary form of 

P. physodes. These are evidently transition forms into P. physodes, and furnish 

strong reasons for associating P. encausta with P. physodes. In Cairngorm speci- 

mens, the spermogones are very easily recognised, when the thallus is greenish or 

pale. In the young state they are papillar; in the old, the ostiole is prominent, 

large, and roundish, sometimes surrounded by a turgid, black, ring-like border ; 

ae 
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at other times they are depressed or flattened. The lacinize are sometimes profusely 

covered with black holes or perforations, which are the ostioles in question; this 

is the source or cause of their frequently pitted character. The spermogonal 

envelope is of a deep-brown colour, and consists of a tissue made up of small but 

well-defined roundish cellules. The spermatia are rod-shaped, about z,th long, 

borne on the apices and sides of very ramose, delicate, articulated sterigmata. 

Associated with the latter are numerous elongated branching filaments, with bulg- 

ing extremities, which project into and fill up the cavity of the spermogone. In 

the Morchone specimens, which occur on quartz rock and gneiss, the spermo- 

gones are mostly old, with large ostioles, which give the thallus the appearance 

of being jagged all over with large black foramina. 

Speciinen 2.—ScHAERER exs. 368 (sub Parmelia ceratophylla, n. multipuncta) ; 

on granitic rocks in the Alps; on the lower specimen in my copy (ed. alt. immut. 

1840) the upper one being certainly referrible to P. saxatilis, the furfuraceous 

form of thallus. The spermogones are abundantly scattered over all the lacinize as 

minute black papilla. The spermatia are acicular, about gath to sath long. 

The sterigmata consist of articulations, jomed at very irregular angles; with the 

spermatia attached, they measure in length th to gpth. Korser very erroneously 

describes the spermatia of P. encausta as ellipsoid. I have never seen them other- 

wise than acicular, and as in P. physodes. 

Specimen 3.—Hepr. exs. 52 (sub Jinbricaria ceratophylla, var. candefacta, Ach.); 

on granitic rocks, St Moritz, Switzerland. The thallus is very beautifully studded 

over with the spermogones, which are chiefly old, containing no free spermatia. 

They occur partly as largish, distinct cones, partly as black perforations, which 

are the old ostioles. In a specimen in Hepp.’s exs. 40, occurring on moss at St 

Moritz, associated with Lecidea disciformis, var. muscorum, the thallus is as plen- 

tifully covered with spermogones, which, however, are mostly young; the sper- 

matia and sterigmata are as in No. 2. 

Specimen 4.—On rocks, Bructeri, Hartz district, Germany, Hamre exs. No. 2 

(sub P. physodes, B. encausta, Fr.), 1846; tops of the mountains near Kongsvold, 

Dovrefjeld, Norway, SomMERFELDT, Un. Itin., 1828; Alps of Dalecarlia, Sweden, 

Dr Swartz, 1809; Riesengebirge, Dr C. Lupwie, 1814; Hartz Mountains, Mour, 

1802; Grimsel, Switzerland, ScH#reEr, 1815 ;—all in Herb. Hooker, Kew. Also 

from the Glaciers of Savoy, Smita; in Herb. Menzies, Royal Botanic Garden, 

Edinburgh. In all these specimens spermogones, having the characters described 

in No. 2, are abundant. 

Species 13. P. pertusa, Scherer, 

Which occurs in Europe, America, Asia, and Australia, and which is AcHartus’ 

P. diatrypa. 1 also refer this plant as a variety to P. physodes. It differs in 

nowise from that species, except in regard to the ends of the lacinize being occa- 
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sionally perforated by an irregular hole or fissure. This erosion or perforation is 

analogous to what occurs in Umbilicaria erosa, and other lichens. Either apothecia 
or thallus may be erose or perforated ; but such erosion is accidental—not pecu- 

liar to any one species or variety—and does not therefore furnish a good dis- 

tinctive character. The thecze and spores of P. pertusa are generally larger than 

those of P. physodes ; but there are few species in which the thece and spores are 

uniformly of the same size. They usually vary more or less in different specimens 

of the same species from different localities. The spermogones of P. pertusa are 

identical with those of P. physodes, but they are less common and less plentiful. 

SPECIES 14. P. cincinnata, Ach. 

Specimen 1.—Staten Land, Cape Horn; in Herb. Hooker, Kew; also collected 

by A. Menzirs, 1787, in Herb. Menzies, Royal Botanic Garden, Edinburgh. If this 

plant is not a form of P. physodes, which I am inclined to regard it, it is at least 

very closely allied. The lacinize are bullose at their extremities in both sets of 

specimens; in MENzIEs’s, occasionally pertuse. In both cases the spermogones are 

abundantly scattered over the ends of the lacinize, as black or brown, punctiform, 

immersed bodies. The spermatia are acicular, about auth long, and sath broad. 

The sterigmata consist of a few delicate cylindrical articulations or cells, as in 

P. physodes. 
Species 15. P. placorodia, Ach. 

Specimen 1.—On the trunks of trees, Troy, U. S., America; in Herb. Hooker, 

Kew. The plant greatly resembles P. tzliacea. The spermogones are scattered 

generally in round, closely aggregated groups, about the ends of the lacinize, as 

black, immersed, punctiform bodies. The spermatia are acicular, about sth long, 

and ssinth broad, on sterigmata about jth long, which consist of several articu- 

lations, as in P. tiliacea. 

Species 16. P. sazxatilis, Ach., 

Which occurs in Europe, Africa, America, and Asia. There is one very well-marked 

variety, omphalodes, Ach., Fr., which occurs in Europe and Asia—the Parmelia 

omphalodes of the earlier lichenologists. It has no claim, however, to rank as a 

separate species ; the gradations between it and the type are easily studied. Its 

apothecia and spermogones alike are those of P. saxatilis. The spermogones are 

generally very minute, black, punctiform, wholly immersed bodies, scattered 

over the ends of the laciniz, always on smooth ones, seldom or never on fur- 

furaceous ones ; or, if they occur on the latter, they are so minute and inconspi- 

cuous that they are overlooked. ‘The ostiole is flat or depressed, seldom papille-— 

form. Normally it is round, and exceedingly minute; but with age it becomes 

triangular or stellate-fissured, with turgid, prominent borders or not. The ends” 

of the lacinize, especially in var. omphalodes, are frequently studded over with 



OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEOUS LICHENS. 297 

irregular, stellate-fissured perforations, which are the ostioles of old spermogones. 

The spermatia are rod-shaped or acicular, about z th to auth long, and saath 

broad. The sterigmata are about mth to ath long, and consist of three to six 

_ delicate, cylindrical articulations, which are sometimes very irregular in form; 

their breadth is frequently jsanth to gath. As in P. physodes in all its forms and 

varieties, along with the spermatiferous sterigmata occur numerous elongated, 

ramose, delicate filaments, that project into and fill up the cavity of the spermo- 

gone, which issimple. Occasionally the spermatiferous sterigmata would appear 

to become elongated and hypertrophied, and to anastomose. In one specimen from 

Connemara, pycnides occur interspersed among the spermogones, of which they 

have all the external aspect, and from which, outwardly, they cannot be distin- 

guished. The stylospores are very irregular in form,—spherical, oval, or pyriform 

chiefly,—sometimes curved, about auth long, and gath broad, on short, simple, 

linear sterigmata. Pycnides, associated with the ordinary spermogones of the 

plant, and having almost the same characters as those now described, occur in a 

specimen of P. sinwosa, from Dunkerron (vde page 216). It is curious that both 

the Parmelias in which these pycnides occur are Jrish specimens! KorpBer 

appears to me to err greatly where he describes the spermatia of P. sazxatilis as 

- almost spherical “‘ kugligen spermatien.” Ihave never seen them otherwise than 

straight and linear, of great tenuity throughout. 

Specimen 1.—Form furfuracea. It is almost uniformly on this state or form 

of P. saxatilis that spermogones occur; but generally only where the ends of the 

lacinize are smooth and free of furfuraceous or isidioid growths. Blaeberry Hill, 

Perth, April 1856, W. L. L. Most of the lacinize are broad or lobate, with rounded 

margins ; these laciniz are found especially at the periphery of the plant. More 

centrally the lacinie are narrower, with retuse or truncate ends. It is on the 

latter, and not the former, that spermogones occur. 

Specimen 2—Birnam Hill, Dunkeld, 1856; with apothecia; W. L. L. Some 

of the lacinize are studded over with black stellate-fissured perforations, which 

are the ostioles of old spermogones. Craig-y-Barns, Dunkeld, April 1856, 

W.L.L.; with apothecia. The general surface of the plant is furfuraceous; but some 

of the lacinize have smooth, glaucous ends, on which occur a few large, degenerate, 

maculiform spermogones. Craig Vinean, Dunkeld, May 1856, W. L. L. Some of 

the lacinize are very narrow, and all are of a bluish-gray colour, and smooth to- 

wards the ends. Old wall, Amulree Road, Dunkeld, June 1856, W. L. L.; with 

apothecia. The lacinize are narrow, and the punctiform black spermogones are 

sparingly scattered in groups at their extremities. 

Specimen 3.—Hills above Abernethy and Newburgh, May 1856, W. L. L.; with 

apothecia. Here the spermogones, which have mostly depressed ostioles, are 

scattered among the isidioid growths which cover the thallus. 

Specimen 4.—On roadside walls, Linn of Dee Road, Braemar, August 1856, 
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W.L.L.; furfuraceous form, with narrow laciniz. The sterile, elongated, ramose 

filaments are here abundant in the spermogones; they usually have a distinctly 

bulging apex, and are frequently distinctly septate, like the paraphyses. 

Speciinen 5.—Storr Rock, Skye, August 1856, W. L. L.; with apothecia. The 

spermogones are here very distinct and characteristic; they are of a deep-brown 

colour, rather than black, however. 

Specimen 6.—On roadside walls, between Percy and the Spittal of Glenshee, 

Perthshire, August 1856, W. L. L. The spermogones are mostly old; in their in- 

terior, nothing is to be seen but the ramose, elongated filaments already described, 

which frequently assume a pale-brown colour at their tips; they are also distinctly 

septate. 

Specimen 7.—On rocks, near Ayton, Cleveland, Yorkshire, 1856, Mupp ; fur- 

furaceous form. The spermogones are abundantly scattered among the isidioid 

growths, which cover the ends of the laciniz. 

Specimen 8.—Croau’s Plants of Braemar, No. 389; on stones, common ; July 

1855. Furfuraceous form ; apothecia plentiful. Dotted over the smooth, shining, 

light-gray ends of the lacinice, are numerous punctiform spermogones,—so minute 

that they can with difficulty be seen even under the lens,—whose ostioles are 

sometimes slightly depressed, though generally flat. 

Specimen 9.—Connemara, Ireland, D. Moore; in Herb. Carroll; apparently 

growing on the ground; no apothecia. Spermogones occur only on one specimen ; 

they are mostly degenerate. The ostiole is seldom quite round, generally less or 

more irregular in outline, and frequently surrounded by a sort of raised, thalline, 

ring-like border. Intermixed, and scarcely distinguishable from these spermo- 

gones except by their slightly greater size, are black punctiform pycnides. The 

stylospores are very irregular in shape, though mostly spherical, oval, or pyriform, 

and frequently curved ; the sterigmata are short, simple, linear bodies. Pycnides 

having a similar site and external characters occur associated with the ordinary 

spermogones in a specimen of P. senwosa from Dunkerron, Ireland. I find no 

spermogones on specimens from Tasmania, Dr Hooker ; Quebec, SHEPHERD; and 

B. de Bigorre, Pyrenees, Spruce ;—all in Herb. Hooker. 

Specimen 10.—Var. sulcata. The Parmelia sulcata, Taylor, “Fl. Hib.” 145, seems 

to me undoubtedly referrible to P. saxatilis, and I therefore place it here as a 

variety, though I do not regard it even as a well-marked variety. It is merely a 

form of what is called var. leucochroa by WALLROTH, ScH4RER, and others of the 

earlier lichenologists, a variety distinguished by large lobes, smooth and white, and 

marked on the upper surface by distinct sulci or lacunee. It is common in Britain 

on trees ; seldom or never on rocks or stones. Van Dieman’s Land, Gunn; in Herb. 

Hooker, Kew. The spermogones are precisely those of P. saxatilis. Here they 

are few and large, scattered about the ends of the lacinize—the ostiole being some- 

times depressed, sometimes surrounded by a black ring or seated in the centre 
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of a macula, or perhaps papillate. The spermatia are acicular, about sath long, 

and smth broad. The sterigmata are about zath to ith long, and consist of a 
few linear articulations. 

Specimen 11.—Var. panniformis, Scheer. ; on alpine rocks, Switzerland ; in Herb. 

Hooker, Kew. There are a few scattered spermogones, of the character of those of 

the type; but they are old, and contain only sterile, branching, delicate filaments. 

Specimen 12.—Var. omphalodes ; hills above Abernethy, 1856, W. L. L.; with 

apothecia. Some of the spermogones are distinctly papilleeform, and large; but 

they occur chiefly in the old state as ostioles,—trianeular or stellate-fissured, large 

and black, with a turgid black edge,—studded over the ends of the laciniz. Asa 

general rule, the spermogones are larger in this variety than in the type, and the 

large gaping ostioles of the old spermogones are particularly conspicuous. 

| Specimen 13.—Var. omphalodes ; hills above Loch Freuchie, Amulree, May 1856, 

W.L. L.; with apothecia. The ends of the dark lacinize appear as if perforated 

with a series of black holes, which are sometimes round, more frequently stellate- 

fissured, even saucer-shaped. ‘These are the ostioles of old spermogones, which 

are sometimes, moreover, confluent, or are united to each other by black, radi- 

| ating fissures. 

Specimen 14.—Var. omphalodes ; Birnam Hill, Dunkeld; on mica slate and 

gneiss ; July 1855, W. L. L.; with apothecia. The old ostioles are so abundant 

| here as to give the laciniz the appearance of having been profusely pricked by 

needle-points. They are as irregular as those described in No. 13. They some- 

times have a black prominent border ; are sometimes flat, and at other times de- 

pressed. There are also a few young and mature spermogones, containing sper- 

matia and sterigmata of the characters of the type. Craig Vinean, Dunkeld, May 

1856, W. L. L. Here also the spermogones are chiefly old, the wk being 

sometimes seated in a papillar elevation of the thallus. 

Specimen 15.—Croauw’s Plants of Braemar, No. 390, common, July 1855. 

The dark, bronze-coloured lacinize are covered by a peculiar bluish-gray pruina 

or bloom, through which the spermogones appear as minute points or papillee. 

Clova, Forfarshire, Croauu, July 1853; with apothecia. The ends of the smaller 

laciniz are jagged over with the depressed, irregular, patent black ostioles of old 

spermogones. 

Specimen 16.—Bunbeg, County Donegal, Professor Dickin, August 1851. The 

lacinice are narrow, and many of them are covered with a pruina or bloom of a pecu- 

liar bluish-gray tint, as in No. 15; this gives the plant much the aspect of Physcia 

pulverulenia. In respect to colour, this plant is intermediate between the type 

and var. omphalodes. There are no apothecia; but spermogones are plentiful. 

They are chiefly old, with gaping ostioles, and are distinct under the lens. The 

spermatia are acicular, about auth long, and sjth broad. The sterigmata 

' measure about th to goth in length, and jonth to zmth in breadth; they con- 
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sist generally of five or six articulations, normally cylindrical, but frequently very 

irregular inoutline. They are, moreover, joined or superimposed at very irregular 

angles. Sometimes apparently they become elongated, by the superposition of 

additional articulations or cells, and they anastomose with each other, forming a 

network, projecting beyond the mass of the sterigmata into the cavity of the sper- 

mogone. They continue, however, in this state to bear spermatia, which are de- 

veloped from the apices of the component articulations. The cavity of the sper- 

mogone is further occupied by a network of very delicate, anastomosing filaments, 

of nearly equal width throughout, very ramose, generally septate, and never bear- 

ing spermatia. These are the filaments which so commonly occur in the sper- 

mogones of P. saxatilis, P. physodes, P. perforata, and other Parmelias, and which 

are particularly constant in the two species first mentioned. 

Specimen 17.—Ler1cuton’s exs. 7; Barmouth, Merionethshire; with apothecia. 

The laciniz are broad, and exhibit the large gaping ostioles of the old spermo- 

gones to great advantage; these ostioles have usually a black, hard border. 

Specimen 18.—HeEpp. exs. 116; associated with Umdbilicaria hyperborea; on 

granitic rocks, St Moritz, Switzerland; noapothecia. Here also the spermogones 

are chiefly old, the ostioles having a black, raised, ring-like border. The ramose, 

elongated, sterile filaments abound in the interior of the spermogones. 

Specimen 19.—Lachen, Sikkim, Himalaya, alpine region, at an elevation of 

13,000 feet ; coll. Dr Hooker; in Herb. Hooker, Kew. The thallus is dark-brown, 

and of the omphalodes type; the spermogones are very abundant and large. 

Species 17. P. Borreri, Ach., 

Which occurs in Europe, Africa, America, and Asia. I am in doubt as to whether 

this should be separated as a species from P. tiliacea. The apothecia and sper- 

mogones are essentially those of the species just named. I cannot help regarding 

it as a merely sorediiferous form of P. teliacea. This is the result of the exami- 

nation of a large suite of specimens from every part of the world, contained in 

the Hookerian Herbarium at Kew, including specimens from Sussex, Ireland, the 

Pyrenees, Switzerland, Portugal, Teneriffe, South Africa, Chili, Ohio, India, Spitz- 

bergen, and the Arctic Regions. The spermogones are minute, black, punctiform, 

immersed bodies, generally scattered about the margins of the lobes, but fre- 

quently also arranged or distributed more centrally. The ostiole is sometimes 

depressed, generally flat, but occasionally perched on papillar elevations of the 

thallus, or surrounded by a ring of the thallus, which gives the spermogones a 

pseudo-papillar aspect. Sometimes the thallus is very rugose, and much warted 

over; in such cases, the spermogones are dotted over these thalline warts or rugo- 

sities, as in a specimen from Barmouth, coll. Sanwey, in Herb. Hooker, Kew. 

Specimen 1.—On trees, Paul, Penzance, Cornwall; coll. Dr Barcuay Monr- 

GOMERY, Sept. 1856; with apothecia. The thallus is abundantly sorediiferous; 
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its whole surface more or less mealy. The spermogones are scattered chiefly peri- 
pherally ; in some the ostiole is depressed, in others it is girt by a slight ring of 
the thallus, giving it a pseudo-papillate aspect. 

Specimen 2.—On the bark of trees, Riverstown, Cork; coll. Carrotu. On one 
specimen there are a few old spermogones, dotted about the margin of the lobes 
of the thallus; some of them appear seated on a flattened thalline papilla, others 
are girt by a thalline ring, as in No. 1. 

Specimen 3.—LEIGHTON exs. 231 (Eng. Bot. t. 1780); Twycross, Leicester- 

shire; no apothecia. The thallus is abundantly sorediiferous. The spermogones 

are peripheral in regard to distribution; the spermatia are short and acicular, on 
articulated, ramose, delicate sterigmata, as in P. tiliacea. 

Specimen 4.—ScH#RER exs. 361 (sub Parmelia dubia); on trunks of trees and 

palings, Switzerland. A few spermogones are dotted over the margins of the lobes, 
but they are old, and contain no free spermatia. 

Specizes 18. P. conspersa, Ach. 

A cosmopolite. There are two chief forms of the plant: one with narrow, linear 

convex lacinize, the var. stenophylla, or minor, of some authors; and the other, 

with broad, round lobes, flattened, and resembling occasionally P. caperata, usually 

described as var. major. Ina very large suite of specimens I have examined, from 

every part of the world, in the Hookerian Herbarium, Kew, I have rarely found 

spermogones absent. Moreover, they generally occur in great plenty scattered 

over the whole surface of the lacinize, or thallus. So much so is this the case, 

that the name of the plant may be supposed to have been bestowed in allusion to 

the great profusion of the spermogones. They are usually minute, black, puncti- 

form, immersed bodies, with an imperceptible ostiole. But, with age, the latter 

expands and becomes patent, having either a round, triangular, or stellate-fissured 

shape, as is the case in P. sawatilis and P. physodes. Hence, the plant is frequently 

studded over with a profusion of black, lacerate perforations, which are the ostioles 

of old spermogones. It frequently happens that the apothecia of this species are 

degenerate or abortive; the disk falls out, and a cup-shaped cavity remains, of the 

same colour as the exciple and the thallus. The exciple, at the same time, gene- 

rally becomes corrugated, and the whole organ assumes a coarse, warted appear- 

ance. On these apothecia, disk and exciple alike, the spermogones are frequently 

studded as plentifully as on the thallus, giving them a peculiar black-punctate 

character. KorsbeEr apparently implies that the apothecium becomes barren and 

degenerate as a consequence of the spermogones taking possession of it as a site. 

But I see no evidence for regarding the phenomenon either as a propter hoc, or a 

post hoc. It rather appears to me that, the apothecia being degenerate from other 

causes, the spermogones are developed upon them. Were we theorizing, on physio- 

’ logical and analogical grounds we might suppose that the spermogones should be 
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first developed, and subsequently the apothecia. But this would not appear to 

be the case here at least. The cavity of the spermogone is simple; its internal 

tissue gray. The spermatia are acicular, varying in size usually from zath to ~cth, 

with a breadth of goth. The sterigmata consist of three to six delicate, cylin- 
drical articulations or cells, and measure in length about zath to th. Both 

spermatia and sterigmata resemble those already described as occurring in P. saxa- 

tilis and P. physodes. 

Specimen 1.—On old walls about Moffat, Dumfriesshire, August 1851; 
W.L.L. The apothecia are more abundant and beautiful in Moffat specimens 

than in any others I ever collected. The spermogones are plentiful on the con- 

vexities, and towards the ends, of the lacinize. The spermatia are about th to 
6000 

zn th long. The sterigmata are ramose, and composed of a few long, delicate, 7000 

cylindrical articulations. 

Specimen 2.—Var. minor; Glen Clova, Forfarshire ; coll. Croat, July 1853; 
on stones. Here, also, the spermogones are most plentiful about the ends of the 

lacinize, as very minute brown or black flat points. Apothecia are less abundant 
and large than in No. 1. 

Specimen 3.—LrEIeut. exs. 79, var. stenophylla, Scherer; on stones, Bardon 

Hill, Leicestershire; a form with narrow, linear, convex laciniz. On the right- 

hand specimen in my copy the spermogones are very large and abundant on the 

convexities of the thalline lacinize, as prominent, black cones—frequently fiat- 

tened. The spermatia and sterigmata are as above described. 

Specimen 4.—Glenesk, Forfarshire; on old walls, at the foot of the glen; small- 

lobed form. Quebec, SHEPHERD; both in Herb. Hooker, Kew. The latter has 

large distinct spermogones. A specimen in the Herbarium of the Botanical 

Society of Edinburgh, with apothecia—no habitat given—has a thallus black-punc- 

tate over its whole surface from the profusion of spermogones. Back River 

Gully, Tasmania, on rotten wood; coll. by OLDFIELD; in Herb. Hooker; is a large- 

lobed form, resembling P. caperata, with a few large, scattered spermogones. 

Specimen 5.—ScHZRER exs. 379 (sub P. centrifuga a. conspersa); on micaceous 

stones, Switzerland. Spermogones abound, in every stage of their development; 

sometimes punctiform, sometimes maculiform, always thickly aggregated, fre- 

quently with black, stellate-fissured ostioles. The spermatia are acicular, and 

about th long. The sterigmata, with the spermatia attached, measure about 4000 

anth to 4th long. | 

Specimen 6.—HeEpp. exs. 37; on the same piece of stone with Lecidea atro-alba 
6, vera. Neg. There are only a few fragments of P. conspersa, which are studded 
over with the apothecia of Lecidea oxyspora, Tul. These are round, discoid, 
largish, black, and immersed; the thecee are 8-spored, easily found, and strike 
a blue colour with solutions of iodine. These apothecia cannot be confounded 
with the spermogones of P. conspersa ; but the spermogones of L. oxyspora 
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might with those of P. conspersa. The spermogones of L. oxyspora, however, 

will always be found intermixed with its apothecia, and these generally occur on 

deformed bullose or wart-like portions of the thallus of P. conspersa, somewhat 

resembling those of P. sawatilis, P. olivacea, Platysima glaucum, and other lichens 

on which the same Leczdea is sometimes parasitic. In this individual specimen 
I do not find the spermogones of L. oxyspora ; but they will be found described 

in my “ Monograph of the Genus Adrothallus.” The spermatia are like those of 
P. conspersa ; but the sterigmata differ, in being simple and non-articulated. 

Specimen 7.—Var. leonora (sub Parmelia leonora, Spr.; P. conspersa, var. 

multijida, Flot.) ; near Constantia, Northern Africa, Dr Kraup; in Herb. Hooker, 

Kew. The thallus has narrow linear laciniz, sub-convex above, and distinctly 

dotted over with the black ostioles of immersed spermogones, which are frequently 

depressed, frequently surrounded by a black ring, or seated in the centre of a 

black macula. The spermatia and sterigmata are precisely as in our British 

P. conspersa. 

Specimen 8.—P. Tasinanica, Tayl., if it is not referrible here as a variety, is a 

closely allied species. Van Dieman’s Land, Gunn; in Herb. Hooker, Kew. In re- 

gard to the size of its lobes, it is intermediate between the ordinary forms of P. con- 

spersa and P. caperata. Its spores are oval and simple, like those of P. conspersa. 

The spermogones are confined to the margins of the lobes; they are black, puncti- 

form, and grouped. The older ones have very irregular, often stellate-fissured 

ostioles; the spermatia are acicular, about th long; the sterigmata quite as 

in P. conspersa. Some specimens of this supposed species seem to me, also, pro- 

bably referrible to P. sinwosa. The character of the thallus and the site of the 

spermogones approximate it, in some cases, more to P. simuosa than to P. con- 

spersa. 

Specimen 9.—P. cribellata, Tayl., is also a closely allied species to, if it is not 

a variety of, P. conspersa. West Coast of America; in Herb. Hooker, Kew. The 

spermogones are punctiform and abundant about the ends of the lobes; they are 

usually larger and more distinct than those of P. conspersa. Frequently they 

are minute black papilla, rough on their outer surface. The spermatia and 

sterigmata are the same, in regard to size and other characters, as those of 

P. conspersa. ; 

Species 19. P. centrifuga, Ach., 

Which occurs in the northern parts of both Europe and America. On the Nor- 

wegian Alps, I have gathered it in great abundance and great beauty. I do not 

regard it as a separate species, but refer it, scarcely even as a well-marked 

variety, to P. conspersa. 

Specimen 1.—FRANKLIN’s First Journey ; in Herb. Hooker, Kew. The thallus 

is of a lighter yellow than P. conspersa usually possesses ; the lacinize are narrow 
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and convex, and dotted over abundantly with spermogones, like those of P. con- 

spersa. A morsel collected in FranKuin’s First Voyage, also in Herb. Hooker, is 

marked by NyLANDER as the true P. centrifuga ; it has neither apothecia nor sper- 

mogones, but the thallus is that of P. conspersa. 

Specimen 2.—Specimens from AcHarius, 1805, andfrom Mr Mour, Upsal, 

1803, in Herb. Hooker, Kew, Nyztanper also labels as the true centrifuga. 

They are quite the Norwegian plant collected by myself; and the apothecia and — 

spermogones alike are those of P. conspersa. A specimen from near Edinburgh, 

in Herb. Menzies, Royal Botanic Garden, Edinburgh, is a large-lobed form of 

P. conspersa, with spermogones sparingly distributed. 

Species 20. P. incurva, Fr., 

Which occurs in Europe and North America, appears to me to bear the same 

relation to P. conspersa that P. stygia does to P. Fahlunensis. The laciniz are 

narrow, convex—-sometimes sub-articulate and dotted over with spermogones, 

which are essentially those of P. conspersa. This plant is the Lichen incurvus, 

Ach.; Lichen multifidus, Dicks.; and P. recurva, Ach. 

Specimen 1.—Mr. Rozsson—from England, probably; Borrer, 1809—from 

Scotland, probably; and Dr. C. Lupwic, 1814, Riesengebirge; all in Herb. 

Hooker, Kew. In all cases the spermogones, as well as the thallus and apothecia, 

where the latter occur, seem to refer the plant to P. conspersa. 

Species 21. P. acetabulum, Dub., 

A native of Europe, Africa, and North America. It includes, I think, P. corru- 

gata, Ach., scarcely as a variety (Lichen corrugatus, Smith). In regard to the 

site and character of its spermogones, it closely resembles P. teliacea. They are 

scattered about the margins of the lobes as small black papillee, more or less 

obtuse or flattened on the summit. They are wholly immersed; in depth they 

extend through the whole thickness of the thallus; their form is oval, spherical, 

or irregular. The envelope is horny in consistence, and its structure resembles 

that of the cortical layer of the thallus; the ostiole is usually so minute as to be 

imperceptible. The spermatia are acicular—from {th to = th long, with a 5000 8000 

breadth of about ;—,th. The sterigmata consist of 3 or 4 cylindrical or irregular 

articulations, and vary in length from =th to ;,,th. This species is comparatively 

abundant in certain continental countries—e.g. in France; and from the abundance 

and conspicuous character of its spermogones, it is a good species in which to 

examine these organs. WaLLROTH appears to have been familiar with its spermo- 

gones, which he described as his Spheeria epiblastematica. MAssALONGHO, accord- 

ing to Korper, has described—very erroneously, as it appears to me—the sper- 

matia of this species as globular or roundish. I have never seen them otherwise 

than straight and linear. 
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Specimen 1.—ScH @RER exs. 547; on the trunks of trees; Switzerland. Sper- 
mogones are abundantly studded over the margins of the lobes; they are black 

_or deep-brown punctiform or papillzeform bodies—in the latter case, flattened or 

‘depressed on the apex. The envelope is of a pale-brown cellular tissue. The 

spermatia are about ,1.th long; the sterigmata, —th to th long. Associated 

with the ordinary or spermatiferous sterigmata, occur numerous long, branching, 

delicate filaments, projecting into and occupying the cavity of the spermogone, 

as in P. physodes, P. saxatilis, &c. ; they have a breadth of about ;7;th to 7th. 

Specimen 2.—(Sub P. corrugata, Ach.) ; no habitat given; in Herb. Hooker, 

Kew. <Apothecia are large and plentiful. The spermogones are also plentiful 

about the margin of the lobes, as brown punctiform bodies, closely aggregated, 

sometimes sub-confluent—frequently surrounded by a brown ring, or eat in 

the centre of a roundish macula. The spermatia are about =,th long, and th 
broad ; the sterigmata are about ,,th long. 

25, “amit 

Species 22. P. Hottentotta, Ach., 

As its name would imply, an African species (syn. P. reticulata, Nees; Sticta 

Hottentotta, Ach.; Omphalodes Hottentotta, Flot.) The spermogones are frequently 

very large and distinct, crowded about the periphery of the thallus. NyYLANDER 

refers this plant to the P. acetabulum group; but the general aspect of the plant, 

as well as its apothecia and spermogones, would lead me to place it under 

_ P. saxatilis. 

Speciinen 1.—Cape of Good Hope; in Herb. Hooker, Kew. The spermogones, 

| in site, external characters and internal structure, are those of P. saxatilis. The 

_ spermatia are acicular, about th long, and ;4,th broad. The sterigmata are 
about ,{,th long, and consist of a few delicate linear articulations. 

SPECIES 23. P. olivacea, Ach., 

_ Which is found in Europe, Africa, America, Asia, and Australia. 

Specimen 1.—Var. exasperata, Ach. (syn. Imbricaria aspera, Mass. Korb. 

| 78.); on birch and other trees, foot of Morchone, Braemar, August 1856, W. L. L. 

| Almost the whole surface of the thallus is isidiiferous, or covered over with very 

minute cone-shaped or columnar warts—as occurs in P. sazvatilis or Evernia fur- 

| furacea. This form of P. olivacea bears the same relation to the type that the 

| var. furfuracea of P. saxatilis does to its type. It is an unnecessary refinement to 

| constitute this into a distinct variety, and still more into a distinct species. The 

| spermogones must be looked for on the smooth ends of the peripheral lacinize. So 

| difficultly recognizable are they, that it will be necessary to moisten the thallus 

| before they can be seen even under the lens. They will then become apparent, 

|, as extremely minute black immersed points. They cannot be confounded with 

| the isidioid warts of the thallus, which contain only gonidia and white medullary 
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tissue. The interior of the spermogone contains much mucilage. The spermatia 
are rod-shaped, thickish throughout, with obtuse ends—about ath to th long. 
They are thrown off from the ends and sides of very irregular, ramose sterigmata, 
which consist of several linear, longish articulations—very beautiful and distinct. 
The cellular tissue, of which the spermogonal envelope is composed, is of a very 
pale brown. Apothecia are abundant. 

Specimen 2.—ScH&RER exs. 370 (sub a. corticola a. glabra); on trees in open 
places ; Switzerland. The spermogones occur, on the right-hand specimen in my 
copy, as deep olive-coloured or brown punctiform bodies,—wholly immersed,— 
scattered about the edges of the lobes. The thallus, as in the former case, and 

indeed in all cases, requires to be moistened before the extremely indistinct sper- 
mogones can be seen. 

Specimen 3.—SCHERER exs. 372 (sub @. saxicola, a. glabra); on stones in 

alpine localities; Switzerland. The spermogones are here scattered over the sur- 

face of the thallus as minute black or brown bodies, sometimes punctiform, some- 

times papilleform. The spermatia are about sath to auth long, rod-shaped, 

studded on the apices and sides of articulated sterigmata. 

Specimen 4.—Var. aquiloides mihi. From Miss Hutcuins, 1810; no habitat 

given, but probably from Ireland; in Herb. Hooker, Kew; and also, from the 

same lady, in Herb. Carroll. The whole plant so closely resembles in general 

aspect Physcia aquila, that I propose designating it as var. aquiloides. It is 

generally only distinguishable by its apothecia and spores, which are those of 

P. oliwvacea, simple, oval, and colourless; those of P. aquila being brown and 1-sep- 

tate. ‘The laciniz are pale, narrow, and convex, studded over with minute papil- 
leform spermogones, resembling those of P. aquila, chiefly old, and containing no 

free spermatia. 

Species 24. P. stygia, Ach., 

A native of Europe and Northern America. 

Specimen 1.—Summit of Ben Nevis, August 1856, W.L.L. The plant is abun- 

dant in this locality, bearing fine apothecia. The lacinie are narrow, convex, and 

pitchy-black ; they are covered over with black minute papillee or perforations, 

the latter having generally a sub-prominent black edge. These papillee mark 

young spermogones with imperceptible ostioles; the perforations are the patent 

ostioles of old spermogones, generally very indistinct on the dark-coloured thallus. 

The peripheral lacinize are sometimes pale; in which event the plant has a close 

resemblance to var. stygioides of P. encausta, as it occurs on the summit of Cairn- 

gorm. 

Specimen 2.—Summit of Morchone, Braemar, August 1856, W. L. L.; with 

apothecia. The spermogones are scattered abundantly over the convexities, and — 

towards the tips of the lacinize, as minute black papilla. The older spermogones — 
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are marked by large, gaping ostioles, usually more or less round in outline, hav- 

ing black, turgid, ring-like borders. The spermatia are rod-shaped, about goth 
long, seated on the apices and sides of very irregular, delicate sterigmata, the 

articulations of which are short, roundish cells. Associated with the sterigmata 

are numerous elongated branching filaments, also articulated or septate, which 

project into and occupy the cavity of the spermogone, as in P. physodes, P. saxa- 

tilis, &e. 

Specimen 3.—ScHARER exs. 255 (sub Cetraria stygia, a. latior) ; with apothecia ; 

on stones in the higher Alps, Switzerland. The lacinize are studded over with 

minute perforations, which are the ostioles of old spermogones, containing no free 

spermatia. 

Species 25. P. Fahlunensis, Ach., 

A native of the alpine or frigid portions of Europe, America, and Asia. In this 

and the following species the spermogones are marginal,—forming a sort of den-. 

ticulate fringe, as in Platysma. 

Specimen 1.—Summit of Cairngorm, August 1856, W.L.L. The spermogones 

abundantly fringe the crisped, curled margins of the flat, linear, pitchy-black 

lacinize, as deep-brown, minute, round warts. They resemble the spermogones of 

Platysma ciliare, but are generally not so closely aggregated. The spermatia are 

very minute, ellipsoid, about ;th long, immersed in an abundant mucilage. The 

sterigmata are articulated, but very delicate and indistinct. 

Specimen 2.—On rocks, Carlowrie, 1843 ; coll. Garpiner, of Dundee; in Herb. 

Royal Botanic Garden, Edinburgh. There are no apothecia; but the spermo- 

gones are very abundant and distinct. They are barrel-shaped and black, fringing 

the margins of the lacinize like teeth, and precisely resembling the spermogones 

of P. ciliare. They are seated also frequently on the flat surface of the lacinicz, 

near their ends, growing upwards at right angles to the thalline surface. 

Specimen 3.—ScHERER exs. 373 (sub a. vulgaris, a. major), and 374 (sub 

a. ctulgaris, b. minor); on micaceous rocks in the Alps. The spermogones are 

precisely as in Nos. 1 and 2; the spermatia are rod-shaped and minute, and the 

sterigmata shortish and of a few articulations. 

SPECIES 26. P. tristis, Web., 

A native of Europe and North America. As in the preceding species, the sper- 

mogones occur only on the margins of the flat, linear, erect lacinize. In the young 

state, they are inconspicuous small black cones or warts; in the old state, they 

are much more easily recognised by the large, gaping ostioles with turgid, black 

borders. The oldest spermogones are usually found lowest down on the thalline 

’ lacinize; hence the spermogones about the tips are generally papilleeform, young, 

and full of free spermatia, while those about the base are perforate, empty, 
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and contain no spermatia at all. The spermatia are rod-shaped, and about 
anth to gmnth long. 

Specimen 1.—Hills above Loch Freuchie, Amulree, Perthshire, May 1856, 

W.L. L. The spermogones are abundant as small irregular warts, fringing the 

margins of the sub-compressed laciniz. They are generally of a deeper black 

colour than the lacinize, and have amore or less distinct and patent ostiole. They 

vary much in size; sometimes they are confluent, and then become very irregular. 

They are generally arranged in a linear series along the edge of the laciniz, but 

sometimes they are clustered thickly about their ends. In some cases the apex 

of a lacinia consists of an irregular fusiform bulging or swelling, pierced by a 

number of minute perforations, irregularly distributed, and of a deeper black than 

the swellings in question, or than the general surface of the thallus. These per- 

forations are the ostioles of confluent and compound spermogones, and closely 

resemble what occurs normally and regularly in Neuropogon melaxanthus and 

Alectoria Taylort. 

Specimen 2.—Summit of Morchone, Braemar, August 1856, W. L. L. The 

spermogones are as described in No. 1. The spermatia are rod-shaped, about 

th long, borne on the apices of sub-simple linear sterigmata, which are ramose 

at the base. They are frequently sub-digitate, apparently given off as finger-like 

processes or elongations from basal tubes or cells. They are almost always very 

delicate and indistinct. 

Specimen 3.—Hills east of Sligachan, Skye, August 1856,W. L. L. The 

spermogones are sparingly distributed; they are chiefly old, and are marked by 

large, gaping ostioles. 

Specimen 4.—High Mountains, County Kerry; coll. Taytor; in Herb. Hooker, 

Kew. There are spermogones, resembling those above described, but no apothecia. 

Specimen 5.—ScHARER exs. 256 (sub Cetraria); on stones in the higher Alps ; 

with apothecia. The spermogones are mostly old, containing no free spermatia ; 

they are black tubercles, scattered along the edges of the flattened linear laciniz, 

to which they give a minutely denticulate character. Most of them are perforated 

by a large, gaping ostiole. 

GENUS IV. Puyscta, Fr., yl. 

I do not think that Physcia should be separated from Parmelia, save as a 

section or sub-division. Its spermogones are essentially the same, though there 

are several points of difference as well as resemblance. Their site is usually the 

same—they are more or less inmersed—the spermatia are straight and linear, 

borne on articulated sterigmata. In Physcia, however, the spermogones are 

usually larger and more conspicuous than in Parmelia ; their colour is sometimes 

orange-red or yellow, as well as brown or black; the spermatia are mostly 

smaller, and the sterigmata longer and composed of more numerous and shorter 

OO Ee 
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articulations. In Physcia, the spermogones are more frequently papilleeform, or 

tuberculiform, than in Parmelia. Sometimes they are very large and prominent, 

particularly when they become confluent, and assume the form of irregular 

tubercles, as in P. ciliaris. The diameter of the spermogone in this species is 

sth; while in P. parietina it is about ten times less. The spermogones are largish, 

distinct, black cones in P. stellaris and other species with a grayish or whitish 

thallus. In other cases, they are brown. Sometimes they are covered with a 

white pruina, as in P. pulverulenta. In P. parietina, flavicans, chrysophthalma, 

jiammea, villosa, and other species, they are orange-coloured cones or warts, 

which become very conspicuous and beautiful where the plant has a grayish 

or whitish thallus, as in P. villosa. In this species, also, they may be so large 

as to be visible to the naked eye. The ostiole is usually very minute and 

round. Sometimes it becomes stellate-fissured with age, as in P. pulverulenta. 

Frequently, also, in the old state of the spermogone, it assumes the form of a large 

roundish perforation, with more or less distinct, turgid margins, as in P. aquila. 

If the body of the spermogone fall out in age, as is occasionally the case, the 

ostiole may expand still more, and become saucer-shaped, or like cyphellee, as in 

the same species. The diameter of the simple, round, imperceptible ostiole is fre- 

quently about th to ath, as inP. pariectina. The spermogonal envelope is formed 

of roundish or cubical cellules, more frequently brown than any other colour. The 

cavity of the spermogone is generally simple; but in several species, and particu- 

larly in the case of compound or confluent spermogones, it is divided into sinuosi- 

ties or compartments, as in P. ciliaris and P. villosa. The spermatia are gene- 

rally shorter than those of Parmelia; they are usually rod-shaped or acicular, 

sometimes sub-ellipsoid. They vary in length from gqth to smth, a large 

number being from gath to sthlong. Their average breadth is smth to santh. 
The sterigmata seldom consist of only two or three articulations, as in Parmedia, 

nor are these articulations often long linear cells. They are more usually longish, 

- ramose or simple, composed of more than five or six short, roundish or cubical 

cellules. These cellules have originally thin walls, which, however, become 

thickened by deposits in their interior. The arthro-sterigmata of Physcia, there- 

fore, somewhat resemble those of Sticta and Collema. Their length varies from 

goth to zath generally. 

Sprcius 1. P. ciliaris, DC., 

A native of Europe, Africa, and North America. This species is of much historical 

importance and interest to the lichenologist, inasmuch as in it spermogones were 

first discovered and described by Irzicsonn, in Germany. It is, moreover, a 

_ common lichen, and a species abounding in large, well-marked spermogones, 

visible usually to the naked eye. They are obtuse, very prominent warts or 

tubercles, scattered on the convexities of the lacinixe; they are isolated or con- 
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fluent—in the latter case becoming very irregular inform. Their colour is usually 

brown; that of the thallus varies between olive and gray. The spermogones are 

generally most conspicuous on the gray thallus, from the contrast of their deep 

olive-brown colour. The apex of the spermogone is usually brown, sometimes 

blackish, the ostiole being minute and very indistinctly marked. Sometimes it is 

elongated or chink-like. The apices of confiuent spermogones are generallystudded 

over with minute black or brown roundish ostioles. The interior tissue is grayish, 

and of a horny denseness; it is hence easily sectioned in thin lamine. The 

sterigmata are longish, and composed of short, roundish cellules; they are the 

“ Minnliche Prosphysen” of the speculative Bayruorrer. So abundant and so 

constant are the spermogones sometimes, as to give a character to the plant; 

hence spermogoniferous states have been described as varieties by the earlier 

authors. Such is the var. melanostigma of Acharius. 

Although it is only a few years ago since ITz1GsoHN pointed out the existence of 

what are now called ‘‘spermatia,” yet the spermogones above described have long 

been familiar to lichenologists. So long ago as 1741, DitLentus* drew attention 

to the brown tubercles occurring on the thallus of P. ciliaris ; and Hepwie,+ in 

1784, saw in the same bodies one of the forms of his supposed masculine organs 

of reproduction in lichens. AcHARIuS regarded the same organs as secondary or 

accessory apothecia,—of inferior importance to the normal or usual ones,—which 

he called Cephalodia, and which he described as filled with gongyli. Nor did 

IrziGsoun, so lately as 1850, correctly appreciate the character of the spermogones 

of P. ciliaris, or of their contents. He described the spermogones as antheridia, 

and the spermatia as spermatozoids, similar to those of Marchantia and Poly- 

trichum, possessing true animalcular movements. From these spermatozoids, 

however, the spermatia of P. ciliaris differ entirely in regard to their genesis. 

The important bearing of IrzicsoHn’s observations, whether his theories were 

correct or not, was at once seen by other Continental botanists, who forthwith 

proceeded to repeat his experiments. Some observers corroborated ITzicsoun’s 

theories as well as his facts; while others, more cautious, less biassed, and less 

impulsive or sanguine in their temperament perhaps, saw the spermatia, but 

took a different view as to their nature and analogies. It is unnecessary to detail 

the results of the observations of different German botanists, who contributed 

voluminously on the subject to the “ Botanische Zeitung,” in 1850 and 1851. t 

Suffice it to notice the most important result of IrzigsoHn’s observation on 

P. ciliaris,—apparently a most simple one,—which was, that the subject was 

followed up in France by TuLAsneE to a previously unknown extent. He made an 

* Historia Muscorum, p. 150, Tab. 20, f. 45, BC. 
{ Theoria Generationis et Fructificationis Plant. Crypt., p. 120. Pl. 30 and 31. 
t Vide vol. viii., pp. 393-94, May 17, 1850; pp. 917-19, December 27, 1850. Vol. ix., 

pp. 153-4, February 21, 1851, and p. 913. 
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elaborate series of investigations, to ascertain whether all lichens did not possess 

similar organs ; and the result was one of the most valuable contributions ever 

made to the natural history of the lichens,—one which is the basis of all our 

recent and improved information on their minute structure.* The years 1850 

and 1852, the dates of the publications respectively of Irzicsoun and TULASNE, 

may be thus said to constitute an important era or epoch in the history of 

lichenology. The labours of the German and French lichenologists, during the 

years 1848-52, have certainly given a powerful and much-wanted impetus to 

lichenology. 

Specimen 1.—On old ash trees, roadside, Balthayock, near Perth, June 1856, 

W.L.L. The spermogones are old, containing no free spermatia; they are 

mostly confluent, very irregular and quite distinct to the naked eye. Soabundant 

are they, that they give a coarsely warted character to the whole thallus. In 

none of the spermogones, whether isolated or confluent, is there a distinct ostiole. 

Specimen 2.—On trees, old Castle of Melgund, Forfarshire; coll. A. Croat, 

1853. Here also the spermogones are old; they are of a deeper brown colour 

than the thallus, and are irregular large warts, frequently,confluent, scattered about 

the ends of the laciniz. The ostiole is seldom recognisable when young; when 
old, it sometimes becomes a narrow elongated fissure. 

Specimen 3.—A specimen in Herb. Botanical Society, Edinburgh (no habitat 

given), has young and mature spermogones, containing spermatia. The spermo- 

gones are very abundant as brown papillee rather than warts. The ostiole is seldom 

round, generally elongated or stellate-fissured. The spermogones are generally 

grouped, frequently confluent; they are distinct on account of the pale grayish- 

brown colour of the thallus. This is one of the best specimens I have ever met 

with of the spermogones of P. ciliaris. The spermatia are rod-shaped, about 

goth long. 

SpEcizes 2, P. leucomela, Mich., 

A beautiful species, growing in Europe, Africa, Asia, America, and Australia. 

The spermogones are essentially those of the last species in site and structure ; 

but they are usually smaller and more regular, and, from the whitish colour of 

the thallus, and their own brown or blackish colour, they are usually much more 

easily recognised than in P. ciliaris. 

Specimen 1.—On rocks by the sea, near Ballycotton, County Cork; coll. 

CarroLt. There are a few old spermogones, closely resembling those of 

_P. ciliaris ; they are largish brown tubercles or papillze, scattered about the ends 

of the lacinize, and very distinct from the contrast of their deep-brown colour with 

the almost pure white of the thallus. The cavity is sinuous, as in P: ciliaris, 

* Mémoire pour servir, &c., ol. citat, 
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The spermatia are rod-shaped, and about th long, with a breadth of zi,th 
seated on articulated indistinct sterigmata. 

Specimen 2. —Torquay, 1812 ; in Herb. Hooker, Kew. In this, as in all English 
specimens I have seen, the laciniz are short, stout, and broadish ; the spermo- 
gones are rare, and the apothecia never found. 

Specimen 3.—Var. contracta, Nyl. (Syn. P. echinata, Tayl.); in Herb. Hooker, 

Kew. Here also the lobes are short and broad. The spermogones are abundant 

as brown warts or papillee, about the ends, and on the convexities, of the grayish 

or whitish lobes. Most of the foreign specimens of P. lewcomela, in Herb. Hooker, 

are referrible to NYLANDER’s var. angustifolia, M. and Flot., which he describes as 

occurring only in equatorial America, St Helena, and the East Indies. 

SPECIES 3. P. speciosa, Fr., 

Which occurs in Europe, Africa, America, Asia, Polynesia, and Australia. This 

plant may be considered, in regard to its general aspect, as intermediate between 

P. leucomela and P. stellaris, though it more closely resembles the latter than the 

former. Its spermogones are for the most part those of the lJatter,—of which, 

indeed, I am inclined to consider P. speciosa a variety. . 

Specimen 1.—ScHLEICHER’s exs. No. 47, 1815; on the trunk of Prunus avium, 

Nepaul. The spermogones are those of P. stellaris. They are black, prominent 

papillze, seated on the convexities, and about the ends, of the lacinize, sometimes 

isolated, sometimes in closely aggregated groups. A specimen from Caracas, Brr- 

SCHELL, is precisely the Irish form of the plant as sent me by Mr CarroLu. There 

are no apothecia; but spermogones are abundant. Mauritius specimens have 

the spermogones brown, very small and inconspicuous, wholly immersed. In 

those from Jamaica, Dr Wricut, the lacinie are large and cream-coloured, and 

the spermogones bluish-black, and distinct from the contrast of their colour with 

that of the thallus. In those from Madras, the laciniz or lobes are large, waxy, 

and pale, and the spermogones few, large, and black. All the above specimens 

are in Herb. Hooker, Kew. 

Specimen 2.—(Sub P. diadenata, Tayl.); Madras, Calcutta, Singapore, Nepaul, 

Jamaica; all in Herb. Hooker, Kew. This is a very handsome form of the plant, 

peculiar to hot climates. The spermogones occupy precisely the position they do 

in P. stellaris, A few are grouped together about the ends of the laciniz, as small, 

brown papille. 
Species 4. P. Domingensis, Mont. non. Ach., 

Which occurs in America, Asia, and Polynesia. It seems to me also a mere form 

of P. stellaris ; their spermogenes are quite the same. 

Specimen 1.—Cuba, ex. Herb. Mont.; in Herb. Hooker, Kew. The spermo- 

gones are grouped on the convexities of the laciniz; they are usually brown, 

punctiform, and immersed. Sometimes they are confluent, and then they become 
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irregular in form. The spermatia are rod-shaped, about anth long, and gath 

‘broad; the sterigmata consist of a few delicate, cylindrical articulations, and 

measure about ;th long only. 

SpPecIES 5. P. stellaris, Fr., 

A native of Europe, America, Africa, Asia, and Australia. There are several 

varieties, of which the most common and important is var. tenella, Schzerer, which 

is pro parte at least the Borrera tenella of the earlier authors. From the frequency 

with which the spermogones occur, and from their distinctness, —their colour being 

black or deep brown, while that of the thallus is gray or whitish—P. séellaris is 

one of the best species in which to study the spermogones of Physcia. Usually 

only the black, papillar ostioles are visible on the surface of the thallus, in the 

medullary tissue of which the body of the spermogone is immersed. Hence 

those black ostioles frequently resemble parasitic Sphwrice. The walls or envelope 

of the spermogone are at first gray, but subsequently become black. The diameter 

of the spermogone in the large-lobed form of the plant,— P. aipolia of authors,— 

is about y;th. The cavity is pluricellular and sinuous, as in P. ciliaris. 

Specimen 1.—On ash trees, Muirhall, Perth, W. L. L. ; associated with P. pul- 

verulenta, which it often very closely resembles. The spermogones and spores, 

however, especially the former, to a certain extent distinguish P. stellaris ; for the 

spores differ from those of P. pulverulenta chiefly in size. The spermogones of 

P. stellaris are always small, black or brown cones or papillze, with imperceptible 

ostioles ; while those of P. pulverulenta are largish ceesio-pruinose, thalline papillz 

or tubercles, opening by stellate-fissured ostioles. 

Specimen 2.—Kyles of Bute, on trees, 1852, W. L. L. This is a broad-lobed 

form. The spermogones are grouped in considerable numbers as small, puncti- 

form, immersed bodies. 

Specimen 3.—On ash trees, roadside, near Pitrodie, Carse of Gowrie, June 1856, 

W.L.L. The spermogones are smooth, prominent, black cones or warts, with 

imperceptible ostioles, scattered sparingly about the ends of the laciniz. Onash 

trees, roadside, near Glencarse, Carse of Gowrie,, May 1856, W. L. L. They vary 

greatly in size; but all are black, papillar, and distinct, the thallus being of a 

very pale grayish tint. In other narrow-lobed forms from the same locality, the 

spermogones are very prominent as brown, minute, round warts grouped on the 

convexities of the thallus. The spermatia are about gath long; the sterigmata 

are very delicate, composed of short roundish cellules or articulations. 

Specimen 4.—On trees, Glen Nevis, August 1856. Here the spermogones are 

mostly degenerate. They are, moreover, sparingly scattered, inconspicuous and 

small, being more mere black points than well-developed warts. Spermogones 

also abound in specimens collected on ash and other trees, at Annat Cottage, Carse 

of Gowrie, 1855, W. L. L. 
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Specimen 5.—On trees, Morchone, Braemar, August 1856, W. L. L. This is the 

broad-lobed form—the P. aipolia of older authors. The spermogones are minute, 

black papillee; their envelope light brown; the spermatia from goth to apth long, 

and the sterigmata short and distinct. On roadside walls, between the Spittal of 

Glenshee and Braemar, August 1856, W. L.L. The spermogones are few; the 

spermatia about sath long; the sterigmata very distinct, irregular, composed of 

elongated, cylindrical, thick-walled cells, varying, however, considerably in size. 

Specimen 6.—On trees, Kinmundy, Aberdeen, Professor Dickiz. The disk of 

the apothecium is brown, instead of black, and the apothecia have consequently 

the appearance of those of Lecanora subfusca. The spermogones are abundant as 

black papillee or cones. The spermatia are rod-shaped, about sath long, and 

sath broad, on sterigmata which measure jth to zath long, and which are com- 
posed of short, roundish or oblong irregular cells. 

Specimen 7.—On basalt, near the Giant’s Causeway, County Antrim; Dr 

Moorg, in Herb. Carroll; no apothecia. The spermogones are plentiful; the 

spermatia about janth long, and sth broad. 
Specimen 8.—ScHAHRER exs. 350 (sub a. aipolia); on the bark of trees about 

Belp. The spermogones are of the papillar type, as is usual in the broad-lobed 

form of the plant. 

Specimen 9.—Hepp. exs. 4733; associated with Lecidea exilis; a form passing 

into var. tenella. The spermogones are distinct black cones, scattered in groups 

over the broadish lacinie. 

Specimen 10.—Var. tenella, Sch.; a variety characterised chiefly by the 

presence of marginal and terminal cilia, varying inlength. The lacinie are gene- 

rally narrow; convex above, occasionally almost sub-fistulose, with frequently 

bullose or sorediiferous extremities. With var. tenella, it appears to me that 

ScH2RER’s var. hispida should also be associated; at least, I know of no valid 

reason for dissociating them. In this variety, which has usually a very pale 

thallus, the spermogones are more abundant and distinct than in the ordinary 

type of the plant. Walls on the hills above Innerleithen, August 1855, W. L. L.; 

with apothecia. The centre of the thallus is abundantly sorediiferous. The sper- 

mogones are plentiful, and very distinct as prominent, elevated, roundish deep 

blackish-brown or black warts, in many of which the ostiole may be seen as a 

minute, round, or slightly irregular pore or foramen. The spermatia are rod- 

shaped, about sath long; the sterigmata very slender. Similar spermogones 

occur in specimens growing on walls at the Grange, Edinburgh, 1851, W. L. L. 

Specimen 11.—Var, tenella ; Blaeberry Hill, Perth; on trees and stones, plenti- 

ful; April 1856, W. L. L. The spermogones are plentiful on specimens destitute 

of apothecia; the ostiole is frequently distinct, usually triangular or stellate. On 

an old wall, Rossie Moor, Forfarshire; coll. Croat. Specimens bear both apo- 

thecia and spermogones. 
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Specimen 12.—Var. tenella ; on walls, Penmanshiel, Berwickshire, 1856; coll. 

James Harpy; no apothecia. The spermogones are sometimes isolated, some- 

times grouped. The latter chiefly occur about the centre of the thallus. Some 

_ of them are very large, prominent, black warts, flattened above, and with a dis- 

tinct ostiole. 

Specimen 13.—Var. tenella; Morchone, Braemar; on trees, August 1856, 

W.L.L. This is a dark olive-green form, closely resembling P. obscura. The 

margins of the lacinice bear few cilia. On the same trees occurs the broad-lobed 

form of P. stellaris. The spermogones are few and scattered. 

Specimen 14.—Var tenella; on the trunks of trees, under Dunscombe’s Wood, 

Cork; coll. CarRoLL; associated with P. obscura. The spermogones are distinct, 

as black or brown papillee. The spermatia are about zath long, and s,nth broad ; 

the sterigmata measure jth to ;ath in length. The var. tenella is common in 
Ireland, according to TayLor in Herb. Mackay. Spermogones are plentiful in 

specimens from Carrigaloe, Cork; coll. Carroxi; on the bark of trees. 

Specimen 15.—Var. tenella ; Bieldside, Aberdeen, Professor Dickiz; one of the 

very common transition forms between the aipolia and the tenella varieties, the 

marginal fibres or cilia being neither many nor prominent. The spermogones are 

plentiful and prominent as brownish papillee or tubercles, varying much in size. 

The envelope is, as in all cases in P. séellaris, brown; the spermatia goth long, 

and simth broad ; and the sterigmata about jth to goth long. 
Specimen 16.—Var tenella, Scu#RER exs. 349 (sub Parmelia pulchella ry. semipin- 

nata); on palings about Belp, Switzerland. The spermogones are prominent black 

cones or tubercles sparingly scattered. Exs. 351 (sub 6. ambigua); on young ash 

trees about Belp.; on the right-hand specimen in my copy (ed. alt. immut. 1840). 

The spermogones are here smaller, but are still distinct. The spermatia are th 

long, and the sterigmata auth to guth. Exs. 352 (sub 6. tenella), on the trunks of 

trees about Belp. The spermatia are very minute, about jth long, and gtnth 

broad, sub-ellipsoid, andin myriads. The sterigmata are longish, the articulations 

being numerous and short. Hepp. exs. 15, associated with Lecidea chalybeia ; on 
old willows and poplars. The spermatia and sterigmata are those of the type. 

Specimen 17.—Var. adglutinata mihi; on trees, roadside, Caerlaverock Road, 

Dumfries, August 1856, W. L. L. This is a peculiar form from the thallus being 

rather crustaceous than of the usual foliaceous type. It is very closely adherent 

to the bark on which the plant grows; unless at the periphery here and there, 

there is little or no trace of lacinia, the thallus consisting of a series of white 

crustaceous warts. The whole plant has a close resemblance to some forms of 

Lecanora sophodes or L. atra. The spermogones also resemble externally those 

of the Lecanoras just named. They are minute black points, scattered on the 

warts aforesaid, and among the apothecia. The spermatia are about sath long ; 

the sterigmata very irregular, sub-ramose, thickish, composed of short broadish 
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articulations. The sterigmata are very closely aggregated, and hence indis- 

tinct en masse. 

Specimen 18.—Var. albinea, Ach. (Syn. Parmelia erosa, Borr.); Falmouth and 

Cornwall, Miss Warren. The spermogones are distinct, black, sub-prominent 

papillae, generally isolated; the spermatia are jth long, and sth broad, and 

the sterigmata about ath long, consisting of a very few longish, cylindrical, and 

generally irregular articulations. British North America, Ricuarpson; Rocky 

Mountains, Drummonp: on the trunks of trees, Troy, U. 8.; on Gleditschia, Ohio, 

U.S., Lea: Swan River, Australia, Jas. DRuMMoND; on stone walls, Boston, U.S., 

F. Boorr. All these specimens are in Herb. Hooker, Kew, and all possess both 

apothecia and spermogones. 

Speciges 6. P. astroidea, Fr., 

Which occurs in Europe and America. This, as well as the following species, seem 

to me mere varieties of P. séel/aris; this is characterized by the very soderiifer- 

ous surface of the thallus. The spermogones are externally similar to those of 

P. stellaris ; but the spermatia are usually larger, and the sterigmata composed 

of much longer, delicate, linear cells or articulations. The spermatia, in one 

specimen, in Herb. Botanical Society of Edinburgh,—the habitat not being given, 

—are znth long. The plant is associated with var. tenella of P. stellaris. 
’ 

Species 7. P. cesia, Fr., 

A native alike of Northern America and of Europe. It is chiefly saxicolous, cha- — 

racterized by plentiful, roundish, gray soredia on the very narrow convex lacinie. 

Its spermogones are essentially those of P. stellaris ; they would appear to have 
been described by SPRENGEL as Hndocarpon athallum. 

Specimen 1.—On boulders and walls, roadside between Sligachan and Portree, 

Skye, August 1856, W. L. L. The plant is associated with var. tenella of 

P. stellaris ; and, indeed, P. cwsia, P. stellaris, and P. astroidea, graduate into each 

other, and are certainly, in my opinion, referrible to a common type. The sper- — 

matia are very small, about sath to zath long; the sterigmata very delicate, 

irregular, and composed of short, roundish articulations. 

Specimen 2.—ScHARER exs. 348, (sub. Parmelia pulchella, 2 dubia) ; on palings © 

about Belp. There are no apothecia; the spermogones are, in all respects, those 

of P. stellar is. 

SPECIES 8. P. conjluens, Fr.,’ 

A foreign species, growing in equatorial America, ‘Aces and Asia. 

Specimen 1.—New Orleans; on bark, Drummonp; in Herb. Hooker, Kem 

(sub nom. Lecanora atra). The apothecia closely resemble those of Z. atra ; but 
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the thallus is that of P. stellaris. The spermogones are also those of the latter 

species; they are here brown and punctiform, rather than papilleeform however. 

Specigs 9. P. obscura, Fr., 

Occurring in Europe, Asia, Africa, and Australia. This species, in regard to both 

its thallus and spermogones, is intermediate between P. stellaris and P. pulveru- 

lenta ; and it is frequently mistaken for one or other of these species. The sper- 

mogones, however, are rather those of P. pulverulenta than of P. stellaris. They 

are small warts or tubercles, generally of the colour of the thallus, scattered 

sometimes about the centre, sometimes about the periphery, of the thallus. The 

internal tissue is whitish ; the cavity is divided into sinuous compartments, as 

in P. ciliaris. The sterigmata are longish, and composed of numerous short 

thick-walled cellules or articulations. The spermatia have always appeared to 

me rod-shaped or ellipsoid ; TuLAsNE describes them as almost ovoid, and KorBER 

as “eirundlich,” They are in all cases very minute,—their average length being 

sath to woth. 
Specimen 1.—On the trunks of trees under Dunscombe’s Wood, Cork; coll. 

CarroLtu. The ends of the lacinize are frequently converted into irregular wart- 

Jike bullosities, over which are studded. black or brown punctiform immersed 

bodies, somewhat irregular in shape, which have quite the aspect of spermogones. 

They are really, however, lecidine apothecia, containing 8-spored thecz, about 

sth long and ath broad. The spores are simple, ellipsoid, zath long, and sath 
broad, pale-brown or yellow, full of oil globules of every size, which oil globules 

also abound in the thecal protoplasm. For this parasite, I propose, provisionally 

only, the name Lecidea obscuroides. The apothecia, which are at first round and 

immersed, ultimately become more superficial and saucer-shaped. 

On specimens of var. leprosa (Hepp. exs. 65), [a form in which the thallus is 

almost absent, or is leprose, from Morchone, Braemar (on trees), | there is a para- 

sitic Sphwria, which also closely resembles spermogones. It occurs as small black 

points on the leprose thallus, external to the apothecia. 

Specimen 2.—LEtGutTon exs. 49; on old bark, near Shrewsbury, associated with 

P. pulverulenta; bears apothecia. There are only two spermogones in the specimens 

in my copy. The spermatia are jamth long, and sath broad, sub-ellipsoid or 
rod-shaped. 

Specimen 3.—Near Meleund Castle, Forfarshire ; coll. A. Croan, 1854; with 

apothecia and spermogones: old wall near Rescobie, Forfarshire, July 1853; coll. 

— Croat (sub nom. Parmelia cycloselis, Ach.\, with apothecia. The spermogones 

are scattered about the ends of the laciniz as small, prominent, obtuse, deep- 

brown warts, in some of which there is a distinct ostiole. 

Specimen 4.—HeEpp. exs. 183, associated with Lecanora subfusca; on the bark 

. of old poplars and other trees. The spermogones are distinct, brown tubercles, 
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scattered about the ends of the narrow white-pruinose laciniz. Some of the 

sterigmata have a brownish colour ; they are composed of short broad articula- 

tions. 

Specimen 5.—SCHAERER, exs. 353 (sub a. chloantha); on the trunks of trees 

about Berne. The spermogones are small, distinct, deep olive-coloured papille, 

sparingly scattered—generally isolated—near the ends of the narrow laciniz. The 

spermatia are rod-shaped, about sth long; the sterigmata are composed of a 

few short articulations. Exs. 354 (sub y orbicularis); on tiles and rafters about 

Belp. The spermogones are as just described ; the spermatia are sub-ellipsoid, 

about wath long. Exs. 609 (sub var. nigricans) ; on poplars about Bienne. The 

spermogones are abundant as deep olive-brown, prominent, roundish tubercles, 

sparingly scattered about the margins of the lobes. The spermatia are about 

iowth long; the sterigmata are very delicate, narrow, about jth to jth long, 
and composed of three or four, seldom more, articulations. 

Specimen 6.—Var. jirmula, Nyl. (Syn. Physcia jirmula, Nyl.) Nytanpsr places 

P. firmula under P. obscura ; but I am inclined to refer it rather to P. speciosa. 

A specimen of P. speciosa from Lachen, Sikkim, Himalaya (alpine region, at 13,000 

feet, with apothecia, in Herb. Hooker, Kew), NyLANDER labels ‘‘Transiens in Ph. jir- 

mulam, Nyl.,” which would imply that he regards the latter as, at least, very near 

P. speciosa. But in his “ Enumeration générale des Lichens,” p. 106, he places 

P. speciosa beside P. leucomela, and P. obscura beside P. pulverulenta. Chong- 

tam, Sikkim, Himalaya; temperate region, at 6000 feet. The thallus is whitish 

and waxy, with marginal black fibres; the lobes are short, thick, sub-erect. The 

sterile lobes are studded over with large spermogones, usually one or two, not 

more than two or three, occurring about the end of each lacinia. They are large 

brown cones, generally flattened; their body is a large hard white kernel, immersed 

in the medullary tissue of the thallus. The spermatia are gnth long, and qth 

broad ; the spermatia are very indistinct. Dr Hooker, in his Herbarium, refers 

the plant to P. speciosa. 

Species 10. P. pulverulenta, Fr., 

Is a familiar and widely spread species, occurring in Europe, Africa, and Northern 

America. Its spermogones closely resemble those of the preceding species; but they 

are usually larger and more prominent. They are cones or tubercles, the former 

generally when single, the latter when compound and formed of several confiuent 

spermogones. They are frequently, like the thallus, dusted over with a fine white 

pruina or powder. Sometimes they are so abundant, according to KorBER, as to 

give the whole thallus an isidioid character. The ostiole is often stellate-fissured, 
and comparatively conspicuous, especially in the old state of the spermogone. The — 

internal tissue is white, solid or dense, being hence easily divided into thin sec- 

. 
| 
. 
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tions. The cavity is divided into numerous sinuous compartments, as in He ciliaris 

and P. obscura. The length of the spermatia is usually about 7th to auth. 

Specimen 1.—On ash, Muirhall, Perth, W. L. L.; associated with P. stellaris, — 

with which it is frequently very apt to be confounded. In regard to-the differ- 

ential diagnosis of these two species, I may refer to what I have already said 

under P. stellaris. Old Scone Road, Perth, April 1855, W. L. L.; associated with 

P. obscura, with which, also, this species is apt to be confounded. The spermo- 

gones are very abundant as obscure, irregular cones or warts, of the same colour 

as the thallus ; the apex deeper brown; the ostiole seldom distinct when round, but 

more conspicuous when stellate-fissured. They are generally grouped, sometimes 

confiluent—two or three spermogones uniting to constitute one spermogonal wart. 

They are thusvery different from the spermogones of P. stellaris ; which spermogones 

serve to distinguish—where other marks fail—P. pulverulenta from P. stellarcs. 

| Specimen 2.—On trees, Glen Nevis, August 1856, W. L. L.; associated here, 

also, with P. stel/aris, and sometimes scarcely distinguishable therefrom. The sper- 

mogones are brown, sub-confluent, or closely grouped prominent tubercles, seated 

on the convexities, and about the extremities, of the laciniz. The spermatia are 

| about auth long; the sterigmata are very delicate and irregular, consisting of 

shortish articulations. 

Specimen 3.—Carrigaloe, Cork Harbour; coll. Carrott. The spermogones 

| are pale-brown, largish, white-pruinose papille, opening by stellate-fissured 

| ostioles. The spermatia are ;;th long, and s,0th broad. Ona wall, Sidlaw Hills, 

| 1844, GarpINER; in Herb. Hooker, Kew; a good typical specimen. The spermo- 

| gones and spermatia are as just described. 

| Specimen 4.—ScH2RER exs. 356 (sub a. allochroa, a. corticola) ; on the trunks and 

| branches of trees about Belp. The spermogones are pale-brown, indistinct papillee. 

_ slightly pr ominent, semi-immersed. The spermatia are about mth long, and very 

| abundant ; the sterigmata are very irregularly articulated. 

Species 11. P. muscigena, Ach., 

Which occurs in Europe and North America, seems to me only a muscicolous 

| form of the preceding. The spores are of the same form and size as in P. pulveru- 

| lenia; the spermogones have the same structure, though they are usually smaller 
| papillee, of a darker brown colour—naked, or not so frequently pruinose. 

| Specimen 1.—Guldbrandsdal, Norway, SomMERFELDT, Un. Itin. 1828; also 

| Switzerland; in Herb. Hooker, Kew. Both apothecia and spermogones occur. I 

| have gathered this plant abundantly at various points on the Dovrefjeldt range 

of mountains in Norway. 
Species 12. P. aquila, Fr. 

Specimen 1.—LeEicuton exs. 144 (E. B. 982; Move. and Nzst. 1049) ; Torquay, 
| Devonshire. The spermogones closely resemble those of Parmelia stygia; they 

| are plentiful as small brown tubercles, occurring about the ends of the laciniz. 

| VOL, XXII. PART I. ae 
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When mature, they are generally seen each to be pierced by a minute ostiole, which, 

with age, becomes very patent and large. When moistened, the spermogones 

become semi-translucent. The envelope is deep-brown. The spermatia are 

minute, rod-shaped, seated on the apices and sides of articulated sterigmata, whose 

component cellules have very thick walls. 

Specimen 2.—On granite, coast of Cork; coll. CarroLL; with apothecia. The 

spermogones are here also plentiful as small brown papilla, grouped generally in 

twos or threes, sometimes confluent, and then very irregular in form. The older 

ones.are marked by their large irregular gaping ostioles, which give the lacinize the 

appearance of being studded over with a series of perforations. The spermatia are 

rod-shaped, about sth long, and s;,0th broad; the sterigmata consist of a few 
shortish linear articulations. 

Specimen 3.—ScHARER exs. 565; on maritime rocks, coasts of the Atlantic; 

Pretvet. There are a few young or mature papilleform spermogones; but the 

majority are old, with large irregular ostioles. The latter, in many cases, from 

falling out of the body of the spermogone, have become saucer-shaped or cyphel- 

loid—the base of the cavity being deep-brown, and the edge very irregular. These 

cyphelloid ostioles are generally visible to the naked eye. The spermatia are 

about mth long; the sterigmata sth to jth long. 

Species 13. P. parietina, L., 

A beautiful and familiar plant, having a very wide geographical range, as it 

occurs in Europe, Africa, Asia, Northern America, Chili, Polynesia, and Australia. 

In this, and the species which follow, the spermogones are cones or warts of a 

yellow or reddish colour; but internally, their structure is that of the spermo- 

gones of the Physcie already described. P. parictina is the type of a section of 

Physcia with a Parmeliiform thallus of a yellowish colour—a section which in- 

cludes P. candelaria, P. flammea, and P. chrysophthalma. The spermogones of 

P. parietina are minute cones or tubercles, scattered about the periphery of the 

thallus, outside the region occupied by the apothecia. They are of an orange-red 

colour, deeper than that of the apothecia, and are generally more or less easily 

seen under the lens. They are usually in groups of two or three, seldom aggre- 

gated in large numbers. Their diameter is about ;;th; that of their ostiole, which 

is usually minute, round, and imperceptible, from about sth. The body of the 

spermogone is a spherical mass of a hard, dense, whitish tissue, immersed in the 

medullary substance of the thallus. The envelope is composed of delicate, cubical 

cellules, resembling those which make up the cortical layer of the thallus. The 

sterigmata are ramose and very irregular ; they consist of numerous short, roundish, 

or cubical cellules, originally having thin walls, which, however, in progress of 

growth, become almost solid, from thickening deposits on their interior. The 

spermatia are rod-shaped or sub-ellipsoid, and about sth to wooth long. 
Specimen 1.—Kinnoull Hill, Perth, March 1856, W. L. L.; with abundant 
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apothecia. The thallus has a grayish or very pale greenish colour, apparently 

_ due to a deficiency of chlorophylle, from growing in damp, dark situations. Hence 

the orange-coloured cone-like spermogones are very apparent; they are also 

very abundant; and not being pierced by distinct ostioles, they cannot be con- 

founded with the nascent apothecia, which, besides their different form (always 

showing the rudimentary disk and exciple), have uniformly a much paler colour. 

The spermogonal envelope is composed of beautiful hexagonal cellular tissue, the 

cells being full of yellow colouring matter ; this tissue is similar to that of the corti- 

callayer of the thallus. The spermatia are sub-ellipsoid, and about ;,nth long; the 

sterigmata are delicate, indistinct, and very closely aggregated into a compact tissue. 

Specimen 2.—On walls, Grange, Edinburgh, 1852, W. L. L. The spermogones 
/ are small, sometimes indistinct, cones or papille, of a deeper orange than the 

thallus, having no perceptible ostioles. They are distinguishable from the young 

apothecia by their rounded apex and their darker colour. 

Specimen 3.—LrE1cHTon exs. 10 (E. B. 194); Berwick, near Shrewsbury, Shrop- 

'shire. The spermatia are innumerable, and indistinct from their minute size. 

Exs. 11, sub. var. sub-stellata, Fr. (E. B., 1794); also from Berwick, near Shrews- 

bury. ‘The thallus bears no apothecia, and only a few spermogones. HEpp. exs. 

54 (sub. var. polycarpa, Sch.) This is a dwarf form, with abundant, crowded 

| apothecia, common on fruit-trees; its spermogones are those of the type. 

Specimen 4.—ScHZRER exs. 380 (sub @. vulgaris); on wood and stones in open 
| places, Switzerland. The spermogones are small, distinct, orange-red papille, 

| without distinct ostioles; the whitish hard kernel, which constitutes the body of 

| the spermogone, can be readily enucleated. The spermatia are sub-ellipsoid, and 

about wonth long; the arthrosterigmata are about zth to jth long. 

Specimen 5.—Var. laciniosa, Sch., a form marked by small lacinize, much dis- 

| sected or subdivided. ScH#RER’s exs. 381 (sub 6. laciniosa, Duf.); on old trees in 

hilly and alpine districts, Switzerland. The spermogones have the usual site; but 

| they are of a very bright red, almost vermilion, colour; they are few, and sparingly 

scattered. Exs. 383 (sub & fulva); on palings, about Samaden. This plant seems 

_referrible to var. /aciniosa. Along with the ordinary spermatia and sterigmata of the 

| type, there occurs in the same specimen, and apparently in the same spermogone, 

occasionally, abundance of curved, linear, or filiform spermatia, about sth long. I 

| have not met with them elsewhere in this species, and am therefore disposed to 

regard them as accidental, and not properly belonging thereto. Exs. 549 (sub. 

var. lychnea, Fr.); on trunks of trees in open places. The spermogones are few, 

| scattered ; the sterigmata are very delicate and indistinct ; the spermatia are about 

month to izooth long, and sath broad—almost atomic in regard to size. 

Species 14. P. candelaria, Ach., 

’ Which occurs in Europe and North America. It closely resembles var. laciniosa of 

| P. parietina, but is distinguished from that species by its thecee having 20 to 30 
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spores, instead of eight. It seldom occurs bearing apothecia, and its spermogones 

are not very common or abundant. Externally, they are those of P. parietina ;— 

but, in regard to their contents, they differ considerably in the specimens I have — 

examined. KorBeEr says, “ Spermogonien unbekannt.” This species is the var. 

candelaria of P. parietina of older lichenologists ; and some modern writers have 

constituted it not only into a separate species, but into a separate genus under 

the name of Candelaria vulgaris (Massalongho, jide Korb. 120). 

Specimen 1.—ScH#RER exs. 382 (sub Parmelia parietina, €. candelaris); on 

trees and stones, Switzerland. The external appearance and site of the spermo-— 

gones are the same as in P. parietina; but the spermatia and sterigmata differ 

remarkably. The spermatia are atomic in size, ellipsoid or oval, in myriads, re- 

sembling en masse a quantity of fish-roe. The sterigmata are simple linear cells, 

branching below as in Lichina, Ramalina, and other lichens, having single sterig- 

mata measuring with the spermatia attached about ;,th long. The spermo- 

gonal envelope is pale or colourless, never brown. Some of the spermogones are 

comparatively large and wart-like, closely resembling nascent apothecia; the 

ostiole, as in P. parietind, is usually indistinct. 

Species 1d. P. flammea, Ach. 

There has been some difficulty as to the position of this plant. It is the Du- 

fourea flammea of older authors. NyLAnpeEr places it as a distinct species beside 

P. parietina ; while Laurent makes it a mere var. of P. parietina. In the latter 

view I concur. It is a very beautiful plant, with podetia-like ramules or seg- 

ments, broadish, rounded, hollow, and with extremely thin papyraceous walls. Its 

colour and general aspect are those of P. parietina, and its spermogones are quite 

those of that species. . 

Specimen 1.—Cape of Good Hope ; also Uitenhage, on trees ; Cape Diege, Africa ; 

—all in Herb. Hooker, Kew. The spermogones are scattered on the outside of the 

fistulose segments of the thallus, especially about the tips. They are small orange 

tubercles, deeper in colour than the thallus. The spermatia are sub-ellipsoid, — 

about jimth to pacth long, and sooth broad; the arthrosterigmata are about 4th 

to mth long, and sath broad. 

SPECIES 16. P. chrysophthalma, DC., 

A beautiful, small species, which grows in Europe, Africa, America, Polynesia, 

and Australia. The spermogones are essentially those of P. parietina, but they — 

are frequently larger and more distinct. 

Specimen 1.—Scu#RER exs. 389 (sub. Parmelia); on fruit-trees, Switzerland ; 

Scuimper. The spermogones are small orange-red tubercles, scattered about the 

ends of the laciniz; the spermatia and sterigmata are those of P. parietina. 

Specimen 2.—Long Island, North America, May 1856; coll. Dr A. O. BropiE;— 

with plentiful apothecia. A few spermogones are distributed in groups about the 
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ends of the laciniz, as inconspicuous, small, rounded, orange-coloured tubercles. 

They are chiefly old, containing no free spermatia; there are numerous sterile, 

elongated, hypertrophied sterigmata, which fill up the spermogonal cavity. 

Specimen 3.—St Catharine’s (Brazil), TWEEpIE; also var. farnenis, Ach., Nyl., 

from North America; in Herb. Hooker, Kew. In the latter variety, the spermo- 

gones are generally very distinct, large, deep orange-red tubercles, occurring in 

the axils of the branches or segments of the thallus, which are linear or filiform 

as in P. flavicans, and of a very light colour. 

Species 17. P. flavicans, DC., 

A beautiful Everniiform species, growing in Western Europe, Africa, Asia, Ame- 

rica, and Australia. 

Specimen 1.—Var. crocea, Ach., which occurs in the West Indies and Chili (sub. 

Cornicularia crocea, Ach.) ; from Dr Acnarius himself, 1809; in Herb. Hooker, 

Kew; no habitat given. In addition to the value belonging to the specimen 

from its being an authentic one from Dr Acuarius himself, it is interesting 

as bearing spermogones, which are not very common in this species. They are 

small papillee or warts, of the same colour as the thallus, scattered along the sides 

of the thicker segments of the thallus, nearer the base than the apex. ‘The ostiole 

is of a deep orange-red, much darker than the colour of the thallus, frequently 

.depressed ; in which event the papilleform spermogone assumes an urceolate 

character. The spermatia are rod-shaped, about youth long, and yanth broad ; 
on longish arthrosterigmata like those of P. parietina. But another kind of ste- 

rigmata also occurs; they are simple, linear, branching at the base as in /tama- 

lina and Lichina, about goth to zuth long; the spermatia, given off from the 

apices only, of these sterigmata are acicular, jth long, and sath broad. These 

two kinds of sterigmata occur in different spermogones; but on the same plant or 

specimen. ‘There is no reason to believe that the one is a rudimentary form of 

the other; for their structure and appearance differ ab cnitio. 

Specimen 2.—Var. cxilis, Mich., which occurs in equatorial America and Chili. 

New Orleans, Drummonp; in Herb. Hooker, Kew. The thallus is frequently of 

a very pale gray colour; it is studded over with small orange tubercles, which are 

_ spermogones. 
SPECIES 18. P. villosa, Dub., 

A beautiful species, occurring in Spain and Portugal, Africa and Peru, and a variety 

of which I have also found occurs sparingly in Ireland. From the pale-gray colour 

_ of the thallus, and the large size of the orange spermogones, the latter organs are 

| particularly conspicuous in this species. 

Specimen 1.—Portugal, Trans-Tagus Districts, on sea-coasts; coll. WELWITzsScH, 

No. 110; in Herb. Hooker, Kew; very fine specimens. The spermogones are 

| abundant as very prominent and large orange-coloured tubercles, somewhat 
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irregular in form, scattered sparingly on the pale segments of the thallus. The 
spermatia are rod-shaped or sub-ellipsoid, smth long, and ;;th broad, on arthro- 
sterigmata, resembling those of P. parvetina. 

Specimen 2.— Var. Dickieana, mihi*—a plant sent me last summer by Pro- 
fessor Dickie of Belfast—appears referrible to P. villosa as a variety. It was 
gathered “ either on calcareous rocks in the Deer Park, or on the wall which sur- 
rounds it. The locality is on the north side of Belfast Bay, and about three 
quarters of a mile from the Bay” (in litt., 5th May 1858). It has not hitherto 
been known as a British plant. It is a dwarf, entangled form; the upper sur- 

face of the thallus is scarcely villose; the lacinix are grayish above, paler 
below and scarcely channelled or lacunose ; their margins are copiously fringed 
with short, irregular, white fibres. The apothecia are conspicuous, having a large 

saffron-coloured disk. The spermogones are very large and distinct as orange 

tubercles, seated near the ends of the lacinize, rounded, isolated, of similar colour 

to the apothecia. The spermogonal cavity is divided into sinuous compartments, 
as in P. ciliaris. The spermatia are rod-shaped, about ;anth to 4th long, and 

sth broad, seated on the apices and sides of long articulated sterigmata, resem- 

bling those of P. parietina. . 

SpEcIES 19. P. intricata, Scher., 

Which, like the preceding, is essentially a Spanish and Portuguese species, occur- 

ring also in England and in Africa. Its thallus somewhat resembles that of the 

preceding species: but the disk of the apothecium is black, instead of orange. This 

is the old Evernia intricata, Fries., the Borrera Atlantica, Ach., and Lichen Atlan- 

ticus, E. B. 1715, which grows sparingly on the south coast of England. 

Specimen 1.—Lancerotta, on old trunks of Opuntia jico-indica ; Teguire, 1846; 

coll. Bourgeau, No. 610;—both in Herb. Hooker, Kew. The spermogones are 

abundant, but they require to be carefully looked for with the lens, when the 

thallus is moistened. They are small brown points, scattered over the convexi- 

ties of the lacinize, or crowning a series of very inconspicuous small warts. The 

spermatia are rod-shaped, about sath long, and ath broad, on arthrosterigmata 

such as are found in P. villosa and P. parvetina. 

* Since this Memoir was originally presented to the Royal Society, I have had two communi- 
cations from Professor Dickie on the subject of the name of this plant. In his first (dated 25th 
March 1859), he says, “Twelve months ago I sent a Borrera, supposed by me to be a variety of 
Atlantica. I have now good reason to believe that it is new. Should you, therefore, publish any- 
thing on British species including it, I should wish it to stand as B. Hibernica, Dickie MSS.” In 
his second letter (dated 3d June 1859), he remarks, “The supposed P. villora, Dub., has been sub- 

mitted to Nylander, who pronounces it a monstrosity of P. chrysophthalma. I have compared the 

fruit in both, and find them identical, so we must bow to the high authority of Nylander.” In 
giving these criticisms, however, which I do in justice to Professors Dickie and Nylander, I see no 

reason for in any way modifying or altering my opinion regarding the place in classification or 
name of the plant in question—as above given. 



OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEOUS LICHENS. — 255 

FAMILY XIII. Pyxinea. 

GENUS I. Pyxinz, fr. 

This genus, which NyLANpDER places between the families Uimbilicarie and 

_Lecanoree, has a Parmeliiform thallus, but lecidine apothecia. The whole plant 

frequently resembles, on the one hand, Parmelia stellaris, and on the other, 

Lecidea canescens. For the latter plant, especially, it is often mistaken: several 

specimens from Madras, Dr Wicut, in Herb. Hooker, Kew, are labelled ZL. canes- 

cens. ts spermogones externally resemble those of many Parmelice and Physcie, 

as well as some Lecidew—such as L. canescens. ‘The plant occurs in all equatorial 

countries, and in Chili. 
Species 1. PP. cocdes, Ach. 

Specimen 1.—Demerara, W. H. CampsBett (sub nom. Lecidea cocoes, Ach.) ; 

Madras, Dr WicgutT;—both in Herb. Hooker, Kew. The plant has sometimes 

greatly the aspect of Parmelia stellaris ; but the apothecia are always lecidine, 

the exciple and disk being of the same colour, which is black. The spermogones 

are generally scattered about the ends of the lacinize, as brown points, seated on 

the apices of pale, thalline papille. Sometimes they are not confined to the peri- 

phery of the thallus, but are plentifully distributed over the whole thalline sur- 

face, and among the apothecia. The body of the spermogone is always immersed 

in the medullary tissue of the thallus. The spermatia are usually linear, straight, 

or very slightly curved, with rounded or obtuse ends, about amth long, and 4) oth 

broad. The sterigmata closely resemble those of Ramalina ; they are narrowly 

linear, very delicate, branching at the base, about sth to ith long, and of equal 
thickness with the spermatia, which are given off from the apices only, as 

terminal cells or articulations. 

FAMILY XIV. LEcANOREA. 

The genera Psoroma, Pannaria, Coccocarpia, Squamaria, and Placodium are 

intermediate between Parmelia and Lecanora, as regards, particularly, their 

thallus. In some, the Parmelioid character predominates, in others the Lecano- 

rine. They cannot be properly excluded from the foliaceous class of lichens. 

GENUS I. Psoroma, Fr., p.p. Nyl. 

This genus is closely allied to Pannaria and Coccocarpia, and its spermogones 

also resemble those of these genera. The most familiar species of the genus, and the 

only British one, is P. hypnorum, Fr., which grows equally in America and Europe. 

It has short, rod-shaped spermatia, on arthrosterigmata like those of Pannaria and 

Coccocarpia. 

GENUS II. Pannaria, Del., Myl. 

The spermogones of this genus are essentially those described under Cocco- 
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carpia, which should not, I think, be separated as a genus from Pannaria. They 

are largish warts or papillee, scattered about the periphery of the thallus, flattened 

on the apex, generally brown or black, reddish in P. muscorum. The spermo- 

gones sometimes, in old age, become black internally. The sterigmata are articu- 

lated as in Physcia ; the component cellules being numerous, short, roundish or 

cubical, and with walls thickened by internal deposits. They occasionally, in old 

age, and especially about their base, acquire a blackish tint, as in P. triptophylla. 

The spermatia are rod-shaped, varying in length from zath to sath. 

Species 1. P. pannosa, Del., 

Is common in a@// tropical countries, and also occurs in the Sandwich Islands. 

Specimen 1.—Low Island, Brecnty. The spermogones are abundant as small 

papillee, scattered here and there in the direction of the radiations of the laciniee, 

between the centre region occupied by the apothecia and the margin of the thallus. 

The apex is marked by a brown, roundish or elongated ostiole. Philippine Islands, 

Cumine; both in Herb. Hooker, Kew. The spermogones are scattered about the 

periphery of the thallus, as brown papillze, sometimes seated on slight elevations 

of the thallus. 
SPECIES 2. P. rubiginosa, Del., 

Which occurs in America as well as in Europe. 

Specimen 1.—LEIGHTON exs. 234 (sub. Parmelia, E. B. 983) ; Keswick, Cumber- 

land. The spermogones are similar to those of Coccocarpia plumbea, both exter- 

nally as to appearance and site, and internally as to structure or contents. ‘The 

whole plant is closely allied to C. plumbea. Indeed, I am inclined to refer both — 

to a common type; and [ look upon NyLaNnpeEr’s arrangement, which separates 

them, as a most artificial and unnatural one. 

SpPEcIES 3. P. triptophylla, Ach., Fr., 

Like the preceding, occurs both in America and Europe. 

Specimen 1.—ScH#RER exs. 159 (sub. Lecidea microphylla a. Schraderi) ; on 

the trunks of trees in alpine woods, Switzerland. The spermogones are small, 

round, black, roe-like bodies, grouped closely together. The envelope is com-— 

posed of cellules having an indigo-blue colour; the spermogonal cavity is simple. 

The spermatia are rod-shaped, about swth long, and santh broad. The sterigmata q 

appeared to me simple, linear, short filaments, sometimes branching very slightly 

below. This is exceptional—the sterigmata of Pannaria being, as I have already 

mentioned, normally articulated. 

Species 4. P. muscorum, Ach., Del. 

Specimen 1.—ScHARER exs. 482 (sub. Parmelia carnosa); on granite rocks 

in the Alps. The spermogones are largish, distinct, flattened, reddish-brown 

¢ 
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warts, scattered on the thalline lacinia. The spermatia are rod-shaped, about 

gath long, and sath broad. The arthrosterigmata resemble those of Sticta or 

Collema—the cellules or articulations being short, broadish, and thick-walled. 

GENUS III. Coccocarpia, Pers., Nyl. 

_ The spermogones of this genus resemble those of Ricasolia somewhat, being 
largish superficial papillae or tubercles, having rod-shaped spermatia on arthro- 

_sterigmata. They are generally seated about the periphery of the thallus, out- 

side the region occupied by the apothecia. Sometimes they are arranged longi- 

tudinally, or in the line of radii passing from the centre to the circumference of 

_ the thallus; sometimes in arcs parallel to the zones which mark distinctly the 

development of the thallus. They are generally of the colour of the thallus, 

| the ostiole being usually brown or black. In C. molybdeea, they are pale yellow, 

| with a brown ostiole. They are frequently confluent, becoming then very irre- 

gular inform. The ostiole is seldom round, and this only in the young or mature 

state. Subsequently it becomes generally elongated or chink-like, and more or less 

irregular in outline. The body of the spermogone forms a dense, hard, whitish or 

| yellowish kernel, immersed in the medullary tissue of the thallus. The envelope 

/is generally of a pale-brown or brownish-yellow cellular tissue. The sterigmata 

are ramose, longish,—;th to ;th in length in C. plumbea,—with a breadth 
of a,th, composed of short roundish or cubical thick-walled cellules. In the old 

spermogones, the sterigmata frequently acquire a brown colour, especially below, 

‘and they sometimes become aggregated into a compact tissue, which fills the 

cavity of the spermogone. This tissue, in some cases in C. plumbea, may even 

‘become black. The diameter of the cavity of the spermogone in C. plumbea 

|is 4th to ath; the spermatia are rod-shaped, and about goth to zath long, with a 
| breadth of sooth to sooth. NyYLANDER’S distinction between Coccocarpia and 

: Pannaria seems to me a very insufficient and unsatisfactory one :—“ Nimis arcta 

est affinitas inter Coccocarpias et Panarias,” he himself admits. ‘In Coccocarpiis 

thallus ad formam radiato-sub-monophyllinam tendens (spe concentrice versus 

‘ambitum rugulosam) et apotheciis constanter biatorinis levem offert differentiam 

a Pannaris.”* 
Species 1. C. plumbea, Lightf., 

| Which occurs in North Africa, as well as in Europe; a familiar British species. 

'The spermogones are sometimes inconspicuous from being of the same colour 

| with the thallus; the ostiole, however, is generally of a deep brown, sometimes 

‘black, colour. They are large, flattened tubercles—frequently elongated in the 

‘direction of the radiations of the thallus—often confluent and very irregular in 

‘form. The cavity is simple. In old spermogones, the sterigmata frequently 

/assume a brown colour, and become agglutinated into a compact tissue. 

| * Enumération Générale des Lichens, p. 109. 1858. 
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Specimen 1.—On trees between Tarbert and Arrochar, Loch Lomond, Aug. 
1855, W. L. L. There are no apothecia ; but spermogones abound in every stage 

of their development. They are large papillz, with ostioles of a deep leaden-gray 

or blackish colour. The papilla generally becomes elongated, and the ostiole 

enlarges until a black disk-like or saucer-shaped cavity is exposed. The spermo- 

. gones are scattered most plentifully about the centre of the thallus, few occurring 
about its periphery. Some are seated on the plicee of the thallus, which run from 
the centre to the circumference ; others are distributed parallel to the periphery of 

the thallus. There are also spermogoniferous specimens in Don’s Herbarium 

(now possessed by Mr M‘Nas, Royal Botanic Garden, Edinburgh); no habitat 

given. The spermogones are chiefly young, with elongated chink-like ostioles. 

They closely resemble the spermogones of Recasolia herbacea and R. glomulifera. 

Specimen 2.—LEIGHTON exs. 233 (sub. Parmelia, E. B. 353); Keswick, Cum- 

berland ; with abundance of apothecia. The spermogones are small tubercles, of 

the colour of the thallus, with very irregular ostioles. 

Speciinen 3.—Var. myriocarpa; on trees, Killarney, Ireland, common; coll. 

CarroLu. This is merely a form in which the apothecia are small, and con- 

fluent in irregular masses. With it may probably properly be associated 

ScHARER’s ‘y. cyanoloma (Enum. p. 36), which has “ apotheciis in maculas fusco- 

atras congestis.” The spermogones are imbedded in large tubercles or papillz 

of the thallus, each marked by a brown apex or ostiole; they are scattered abun- 

dantly external to the region of the apothecia. The envelope is of a very pale 

brownish-yellow. The spermatia are rod-shaped, about sath long, and xinth 
broad; the sterigmata are from jth to ~th long, and gath broad. 

Species 2. C. molybdea, Pers., 

A species which occurs in all tropical countries, closely allied to the preceding. 

Specimen 1.—St Vincent, on barks; Canaries, ex Herb. Welwitzsch; Surinam, 

ex Herb. Miguel;—all in Herb. Hooker, Kew (Syn. Solorina maculata, Tayl.; Lecidea 

parmelioides, Hook.) The spermogones are abundantly scattered all over the 

thallus; they are pale yellow warts, with brown tips, supsficial, prominent, be- 

coming darker in colour and less conspicuous. In one specimen, with the thallus 

of a leaden hue, closely resembling that of C. plumbea, the spermogones are 

small, distinct, prominent black or brown papille, grouped in considerable num- 

bers. The body of the spermogone is a hard yellow kernel, sunk in the medullary 

tissue of the thallus. The spermatia are rod-shaped, about zaath long, and smth 

broad, on arthrosterigmata like those of C. plumbea. 

Specimen 2.—Assam; Philippine Islands, Cumine; in Herb. Hooker, Kew. 
Some specimens have large, handsome, pale lobes. The spermogones are few, 

scattered, very distinct and large, resembling, except as to size, those of Ricasolia 

herbacea. 
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GENUS IV. SquamartA, DC. 

This genus is closely allied to the following one—Placodium ; but there are 

some prominent differences in regard to the character of the spermogones,—par- 

ticularly in regard to the spermatia and sterigmata. In reference to its spermo- 

gones, Placodium stands much nearer Physcia than Squamaria does. The sper- 

mogones of Sguamaria are mostly immersed, and are marked by an inconspicuous 

punctiform ostiole, which is frequently of the same colour as the thallus. The 

ostiole is sometimes black, bluish, or brownish—generally minute and round— 

occasionally stellate-fissured. Seldom are the spermogones tubercles or papillz ; 

seldom are they conspicuous or large. In S. aleurites, they are punctiform; in S. 

gelida, they are perched on pale thalline papille. They are usually scattered about 

the periphery of the thallus—sometimes distributed chiefly about its centre. Some- 

times, in S. chrysoleuca, they are studded on the apices of isidioid growths of the 

thallus; and in S. concolor, they are scattered over the apothecia. The greatest 

diameter of the body of the spermogone varies from 7th to th; in S. saxicola it is 
goth. The cavity is usually simple ; in S. crassa it is divided into sinuous compart- 

ments, as in Physcia ciliaris. The spermatia are, as a general rule, long, filiform, 

and curved or twisted, among the most beautiful and largest that occur in lichens. 

Their length varies from sth to jooth, many being about ;,th long; their breadth 
varies from 35;nth to santh, and is frequently inappreciable. InS. alewrites, Ihave 
found short rod-shaped spermatia, about zath long; this, however, is the only in- 

stance in which I have ever met with them other than filiform and curved. In this 

species, too, the sterigmata are of an exceptional character, being articulated, 

consisting of a few linear, delicate cells, and resembling those of many Parmelie. 

They are usually simple, linear, elongated, branching or not at the base, and re- 

sembling those of Lecanora subfusca. The spermatia, sterigmata, and spermogones 

of Sqguamaria are much more closely allied to those of Zecanora than to those 

of Physcia—quite the reverse being the case in regard to Placodium. The length 

of the sterigmata varies from ;,th to xath; their breadth from ;5;th to eunthe 

Species 1. S. crassa, DC., 

Which occurs equally in Africa and Europe. Its spermogones in French speci- 
mens, according to Tutasne—for I have not myself met with them—are minute 
tubercles scattered over the thallus, generally of a pale-brown colour, sometimes 
flesh-coloured, occasionally violet. The apex is more frequently marked by a 
fissured ostiole than by a round imperceptible pore. In the old state, the ostiole 
expands so as to assume a discoid character, its borders being very irregular and 
lacerate. The greatest or transverse diameter of the spermogone varies from 
ath to yth. Its body is wholly or nearly immersed in the thallus ; it is sometimes 
girt by the gonidic layer of the thallus; at other times it is plunged immediately 
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in, and surrounded by, the white medullary tissue. The cortical envelope is not 

of a deeper tint than the rest of the tissue of the spermogone. The cavity is 

irregular, and is divided into numerous sinuses or anfractuosities which are 

marked externally by bulgings of the walls of the spermogone. The sterigmata 

are simple, resembling those of Lecanora subfusca. The spermatia are very deli- 

cate, filiform, and much curved ; their length is about th to ;th, with a breadth 
of ssqith: 

SpEeciIES 2. S. chrysoleuca, Sm., 

A beautiful species, which grows in Europe, North America, and the Himalayas. 

Specimen 1.—ScuHmRER exs. 345 (sub Parmelia rubina a. chrysoleuca); on 

micaceous rocks, in the Southern Alps. On the right-hand specimen in my copy 

(original ed. 1840), there are a few old spermogones, containing no free spermatia ; 

they are punctiform, seated on the tips of small, isidioid warts, and are marked 

by inconspicuous ostioles. On the left-hand specimen, mature and young sper- 

mogones are scattered over the surface of lobes bearing no apothecia. They are 

wholly immersed, and are marked by round black, or bluish-black, ostioles. They 

closely resemble the spermogones of the preceding species. The spermatia are 

long, filiform, and curved or twisted, about sath long, and synth broad. The 

sterigmata are simple, linear, elongated, measuring, with the spermatia attached, 

hs 
SpPeciES 3. 8S. sawicola, Ach., 

A cosmopolite. The thallus frequently consists of an aggregation of small, irre- 

gular, dark-gray scales. On these the spermogones are scattered as small black 

points, without appreciable prominence. The body of the spermogone is spherical, 

with a diameter of about jth, of a brownish-violet colour externally, as well as 

internally. The cavity is simple; the sterigmata are also simple, narrowly linear, 

almost solid from thickening deposits on their interior; their length is about ;,th 
to sth; their breadth scarcely mele The spermatia are filiform and curved, 

about wath to gath long. 

Specimen 1.—ScHARER exs. 332 (sub Parmelia muralis a. ochroleuca); on 
limestone, Switzerland. The spermogones are small black papillz, seated on 

separate, sterile scales of the thallus, chiefly at the corners thereof, asin Lecanora 

cinerea and many Lecidee. The spermatia are sub-ellipsoid, ith long, and 

»onth broad, seated on the apices and sides Of arthrosterigmata. The spermatia 

and sterigmata show that this plant certainly does not belong to our S. saxicola, 
however much it may outwardly resemble it. 

Species 4. S. concolor, Ram. 

The black warts on the apothecia, of which Scu rer speaks, are spermogones. 

The spermatia are among the most slender, longest, amd most beautiful known 

among lichens. Their length is th; theirbreadth from sath to sacth. 
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Species 5, S. gelida, L., 

Which occurs in Europe, America, and New Zealand. In Scotland, it is common in 

Skye, and also along the banks of the Caledonian Canal. 

Specimen 1.—New Zealand, CoLEnso; in Herb. Hooker, Kew; on water-worn 

pebbles, precisely as on the banks of our Caledonian Canal. The spermogones are 

very beautiful and distinct. The convexities of the laciniz, about their centre, are 

elevated into a series of aggregated, pale papillee, each having a broadish base, sur- 

mounted by a second or separate cone, of a brownish-yellow colour, pierced or not 

by avery minute ostiole. The interior of the upper cone is found to consist of a 

large brownish-yellow hygrometric kernel, very like the body of the spermegone 

of Periusaria communis, and becoming similarly gelatinous under moisture. The 

spermatia are so extremely delicate as to be almost invisible; they are among the 

most beautiful I have seen. They are vermiform threads, about ;ath long, and 

moth broad. The sterigmata are linear, simple, branching slightly at the base, 

about zcth to guth long. 

Species 6. S. ambigua, Wulf., 

Which occurs in Europe, Asia, and North America. 

Specimen 1.—Madras ; on the bark of trees ; in Herb. Hooker, Kew. The plant 

seldom or never bears apothecia in this country. In this specimen, both apothecia 

and spermogones occur. The latter are minute, brown, immersed, punctiform 

bodies, resembling in external aspect the spermogones of Parmelia saxatilis. 

Species 7. S.aleurites, Ach., 

Which also grows in North America, as well as in Europe. 

Specimen 1.— Franklin’s First Voyage, in Herb. Hooker, Kew (sub nom. Par- 

melia ambigua). This species closely resembles the preceding, with which it is 

constantly associated, and for which it is constantly mistaken. The spermogones 

are punctiform, minute, brown or black immersed bodies, outwardly resembling 

those of Parmelia saxatilis. 

Specimen 2.—Valley of Guttanen, Switzerland; in Herb. Hooker, Kew. The 

spermogones are numerous and very distinct. The spermatia are rod-shaped and 

straight, about anth long, and 34th broad; apparently seated on the apices and 

sides of short articulated sterigmata, about ;,th long, and which resemble those 

of Parmelia conspersa. 

Specimen 3.—On old fir-trees, at Aviemore, 1807; in Herb. Hooker, Kew. The 

thallus is very like that of Physcia stellaris ; but the spermogones and the spores 

equally distinguish the two plants. 

VOL. XXII. PART I. 3X 
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GENUS V. PLACODIUM, DC. 

This genus is intermediate in character between Parmelia or Physcia, and 

Lecanora ; but its spermogones are those of the two former genera. The sper- 

mogones are usually papillz or tubercles, of various size and variously coloured, 

scattered about the periphery of the sub-foliaceous thallus, and on the convexities 

of the laciniz, just as in Physcia. They are isolated or grouped, more or less 

irregular in form frequently, especially when confiuent, often flattened on the 

apex. Sometimes they are scattered on separate sterile areolee, as is the case 

with the spermogones of many Lecanore and Lecidew. They are then punctiform 

and immersed, with a raised, light, thalline border, as in P. chalybeeum and P. al- 

phoplacum. The spermogones are, in a form of P. circinatum, pseudo-lecidine in 

appearance, and as large as apothecia. They are the largest spermogones, with- 

out exception, with which I am acquainted. They are large whitish or buff- 

coloured disks, destitute of an exciple, having frequently a ragged or notched 

edge. ‘They are generally semi-immersed in the limestone on which the plant 

grows. The internal structure and contents are those of the ordinary form of 

spermogone in this species. The colour of the spermogone is also whitish in P. 

chalybceum, 11 which the ostiole is of a pale-gray. In species with a reddish or 

yellowish thallus, just as in Physcia, the colour of the spermogone is orange-red 

or orange-yellow. This is the case in P. muscorum, P. callopismum, P. elegans, 

and other species. The colour is sometimes brownish or blackish; in P. candicans 

it is bluish. The ostiole is usually very minute and indistinct ; sometimes it is 

fissured irregularly. The greatest diameter of the body of the spermogone, in 

P. murorum, is zth. The tissue of its body is hard, dense, whitish and hygro- 

metric: its cavity is generally simple. The spermatia are short, linear, straight 

or rod-shaped, with truncate ends, sometimes oblong or ellipsoid. Their length 

varies from oth to iz th, a large number measuring about ,,th to aath long. 

In many species they are almost atomic in size. Their breadth varies from wanth 

to scaooth. The sterigmata are normally, and as a general rule, articulated,—the 

component cellules or articulations being short, roundish or cubical, as in many 

Physcie. They are longish, varying from jth to ;,th, many of them being about 
math long, with a breadth of about ;,,th. In some species, as P. circinatum and 
P. fulgens, elongated, ramose, sterile, hypertrophied filaments, not unfrequently 

occur, growing from among the spermatiferous sterigmata, and filling the cavity 

of the spermogone. In exceptional cases, as in forms of P. circinatum and P. al- 

phoplacum, I have met with sub-simple sterigmata, which, however, is altogether 

an exceptional phenomenon in this genus. The sterigmata become, in progress 

of growth, almost solid, from thickening deposits in the interior of their individual 

component cells. 
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Species 1. LP. candicans, Dub. 

This may be considered the type of a section of the genus, characterised by a 

whitish or grayish thallus. 

Speciinen 1.—LEIGHTON exs. 218 (sub Lecidea rimosa). (Syn. It is certainly 

not E. B. 1736, as LeraHTon quotes, but E. B. 1778.) On quartzose rock, Great 

Orme’s Head, Caernarvonshire. The spermogones are distinct, as minute blui®h 

or black points, sparingly scattered towards the periphery of the thallus. They 

are flattened or cone-like, wholly immersed, or nearly so. The spermatia are very 

short, rod-shaped bodies, bristling over the apices and sides of arthrosterigmata. 

SPECIES 2. P. circinatum, Pers., 

A comparatively widely-spread species, occurring in Europe, Africa, and Asia. 

Specimen 1.—Dereham Church, England, 1810; in Herb. Hooker, Kew (sub 

nom. Lichen candicans, Dicks.; Parmelia epigoea, Ach.) The spermogones are 

plentifully scattered among the apothecia. They.are seated on the warts of which 

the thallus is in a great measure composed. They are brown papille, which burst 

through the thallus, and become irregular, fiattish bodies, resembling deformed 

apothecia. The ostiole is seldom round and inconspicuous; it is, especially in 

the old state, more or less patent and stellate-fissured. The spermatia are rod- 

shaped, about amth long, and sth broad, seated on sterigmata about ith long, 

which are composed of only two or three linear irregular cellules or articulations. 

Specimen 2.—Clare Hall Bridge, Cambridge, Rev. H. Davies; also from same 

locality, coll. James Dauton, 1803,—both in Herb. Hooker, Kew. That portion 

of the thallus external to the region occupied by the apothecia is copiously covered 

with spermogones; they are seated on thalline warts, and are brown, irregular, 

papilleeform, sub-immersed bodies. 

Specimen 3.—Var. variabile, Pers.; Hepp. exs. 74 (sub. Placodium variabile) ; 

on old walls. The spermogones are pale, flat, brown, roundish spots, studded 

over the periphery of the whitish thallus. They closely resemble the spermogones 

of Lecanora subfusca, whose apothecia those of this variety of P. circinatum also 

resemble in outward aspect. The spermatia are oblong or sub-ellipsoid, almost 

atomic as to size. P. circinatum has frequently, intermixed with the ordinary 

or spermatiferous sterigmata, elongated, sterile, ramose filaments, like those which 

occur in many of the Parmelie. Nyianper has likewise noticed this fact; but 

he alludes to it as an abnormal and occasional condition only. I see no reason for 

regarding the occurrence of these hypertrophied sterile sterigmata in this species 

as exceptional, while they are regarded as normal in Ramalina and Parmelia. 

Indeed, I would lay down as a proposition, that there is a tendency in all spermo- 

gones whatever to the development of an elongated, hypertrophied, and sterile 

condition of the sterigmata. This is mostly seen in old spermogones, the sterig- 
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mata in which often become so hypertrophied and so aggregated as to fill the 

whole spermogonal cavity with a dense coloured tissue. But the phenomenon 

also is of frequent occurrence in mature spermogones; and the abnormal or ex- 

ceptional condition, I should say, is the absence, not presence, of these peculiar 

filaments. ! 

Specimen 4.—Var. ecrustaceum (sub Placodium Agardhianum ; syn. Lecanora 

Agardhiana, Ach. ScHRER exs. 617; on limestone, in the Jura and Alps) ; Hepp. 

exs. 407. The apothecia are black, flattish, or sub-convex bodies, with an indis- 

tinct, thin, evanescent border. Accompanying or intermixed with these, are 

bodies of the same size, flat or sub-convex, without any distinct exciple, having 

frequently a ragged or notched edge. They are of a whitish or buff colour, have 

quite the aspect of apothecia, are white-pruinose, like the apothecia and spermo- 

gones of Lecidea abietina, and are generally semi-immersed in the limestone on 

which the plant grows. They are really spermogones, though outwardly very 

unlike these organs in their ordinary forms; and they are the largest bodies of the 

kind with which I am acquainted. The spermatia are ellipsoid or linear-oblong, 

about jouth long, and .ja0th broad. The sterigmata are longish, delicate, arti- 
culated, about ;,th to yoth long, and jqnth broad. The spermogones are not only 
white-pruinose on their surface, but are whitish and mealy throughout. The 

apothecia are occasionally also white-pruinose externally, and they are then dis- 

tinguishable from the spermogones only by microscopical examination. The 

spermogones, however, are always lecidine, the apothecia lecanorine; but this 

distinction may not at once strike the eye. 

Species 3. P. chalybeum, Duf., Neg. 

In his “ Prodromus Lichenographice Galliz et Algerize,” 1857, p. 81, NyLAN- 

DER arranges this species with the Lecanoras having simple sterigmata. This does 

not at all accord with my observations; the sterigmata in all specimens examined 

by me, as is also the case in all the species of P/acodium, were articulated. His 

removal of this species to the genus Placodium, in his “ Enum. Générale des 

Lichens,” 1858, p. 111, may, however, be regarded as a confession of error. 

Specimen 1.—HeEpp. exs. 204; on calcareous rocks. The spermogones are 

plentifully scattered over the whitish or grayish areole; they are punctiform, 

immersed, grayish or blackish; with a raised, lighter, broken thalline margin. 

The spermatia are rod-shaped, atomic in size, on arthrosterigmata. 

Specimen 2.—ScHERER exs. 566 (sub Lecanora chalybea) ; on calcareous stones 

about Montpellier, and in the Eastern Pyrenees. The spermogones are whitish 

small tubercles, with a pale-gray ostiole of the same colour as the thallus, not 

easily recognised even under the lens. They somewhat resemble the spermogones 

of Lecidea fusco-atra, both in site and in external appearance. The spermatia are 

very abundant, rod-shaped or ellipsoid, jz.qth long. 
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Species 4. P. alphoplacum, Wahl., 

Which occurs in North America, as well as in Europe. 

Specimen 1.—ScuARER exs. 330 (sub Parmelia radiosa 8. inflata); on granitic 

alpine rocks; with apothecia. The spermogones are marked by their small, 

brown ostioles, which crown the separate, sterile warts of the thallus. The sper- 

matia are short, rod-shaped, about sath to auth long, and s4nth broad. The 
sterigmata are apparently sub-simple, linear, branching below, measuring with 

the attached spermatia auth to'ith long. The existence of simple sterigmata 

in Placodium is quite exceptional,—arthrosterigmata almost universally occurring. 

SPecIES 5. P. teicholytum, DC. 

This is the type of a section of Placodiuwm characterised by the possession of a 

yellowish thallus (Syn. Parmelia erythrocarpia, Fr.; Lecidea, Scheer.; Blastenia 

erythrocarpia, Pers., Korb. 183; Lichen ceesio-rufus, Sin., E. B. 1040). This 

species, I think, should certainly be merged in Lecanora ferruginea, or, as I should 

arrange it, Lecidea ferruginea. The spermogones are scattered among the apo- 

thecia as blackish, punctiform, depressed bodies, sometimes slightly papilleeform. 

The form of the spermogonal cavity is oblong; it is narrow and simple. The 

spermogonal envelope is black, and this distinguishes the spermogone—on section— 

from the surrounding white medullary tissue. The spermatia are ellipsoid or 

ovoid, about sth long, on arthrosterigmata resembling those of P. murorwm. 

Species 6. P. fulgens, DC., 

A handsome species, which occurs both in Africa and Europe. The spermogones 

are large, distinct, orange-red tubercles, which are apt to be mistaken for, or con- 

founded with, the nascent apothecia. The internal tissue is whitish-yellow; the 

cavity is simple, but it is ultimately obliterated by convergent hypertrophied 

sterigmata. The sterigmata are ramose, and consist of small cubical cellules, 

which become almost solid from thickening deposits in their interior. The sper- 

matia are not above ~ath to qth long, and are in immense numbers. 

Specimen 1.—Hepp. exs. 194; on sandy ground, on the banks of the Rhine, in 

the neighbourhood of Tardisbriicke, near Chur. The spermogones are abundant 

as large, prominent, deep orange-red tubercles or cones, scattered towards the 

periphery of the thallus. They are most easily seen when moistened. The sper- 

matia are sub-ellipsoid, atomic in size, seated on the apices and sides of arthro- 

sterigmata which resemble those of Physcia parietina. 

Species 7. P. aureum, Scher., 

A beautiful native of the Alps and Pyrenees. 

Specimen 1.—Scu&RER exs. 165 (sub Lecidea) ; in the fissures of calcareous 
VOL. XXII. PART I. oY 
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rocks among the Alps. The spermogones are largish tubercles, seated at the 

corners of the squamules, and about the periphery of the thallus, sometimes also 

scattered among the apothecia. They are usually flattened on the top, are of a 

paler or lighter colour than the thallus, and have orange-red ostioles. The 

spermatia and sterigmata are those of the preceding species. 

Species 8. P. scorigenum, Mont. (sub Lvernia). 

Specimen 1.—Canary Islands, Dr Leman; in Herb. Hooker, Kew. The spermo- 

gones are seated on the convexities of the lacinice as orange papillee or tubercles, 

which are much lighter in colour than the disks of the apothecia. The sper- 

matia are rod-shaped, and about anth long; the arthrosterigmata are those of the 

two preceding species. This plant comes very close to Physcia villosa, both in regard 

to its spermogones and apothecia ; so close, indeed, that, were a trivial difference 

in the character of the thallus overlooked, it might almost be included. 

Sprecigs 9. P. elegans, DC., 

One of the most widely-spread species of Placodiwm, occurring in Europe, America, . 

Asia, and Abyssinia. It is also one of the most beautiful species. 

Specimen 1.—Var. miniatum, Scu#RER exs. 338 (sub Parmelia elegans a. 
miniata); on sunny stones among the Alps. The spermogones resemble in site 

‘and external appearance, as well as internal structure, those of the following 

species. They are small orange-red tubercles, scattered about the ends of the 

lacinize. The spermatia are sub-ellipsoid or rod-shaped, atomic as to size, seated 
on very indistinct arthrosterigmata. 

Species 10. P. murorum, DC., 

A cosmopolite, familiar and beautiful species. Its spermogones, in regard to site, 

outward appearance, and internal structure, closely resemble those of Physcia 

parietina. They are small papillee or warts, scattered about the periphery of the 

thallus, isolated or grouped two or three together. Their colour is somewhat 

deeper than that of the thallus. They sometimes resemble nascent apothecia. 

The ostiole is usually minute, round, and imperceptible; occasionally it has a 

thick margin, and sometimes it is fissured. The greatest diameter of the spermo- 

gone is ath. The internal tissue is hard, dense, whitish, opaline. The form of 

the body of the spermogone is oblong and irregular; the cavity is divided into 

many sinuosities. The gonidic layer of the thallus sometimes girds the immersed 

body of the spermogone, which is more usually directly plunged in the white medul- 

lary thalline tissue. The sterigmata are ramose, and are composed of almost 

solid, cubical cellules. The spermatia are rod-shaped, and vary in length from 

smth £0 ipombl. | 
Specimen 1.—LEIGHTON exs. 113 (sub Parmelia); on mortar, ruins of Tong 
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Priory, Shropshire. The spermogones are small orange tubercles, scattered 

about the periphery of the thallus. 

Specimen 2.—Var. lobulatum, Flk.; on limestone, Blackrock, near Cork; coll. 

CARROLL; associated with var. fuscella, Ach. of Verrucaria nigrescens, Pers. 

The spermogones are somewhat abundant and distinct as minute,. sub-irregular, 

deep orange-red papille, scattered over the convexities of the laciniz, and about 

the periphery of the thallus. They are usually more or less isolated. Both the 

thallus and apothecia have an orange-yellow colour; and hence the spermogones, 

from their brilliant red tinge, are sufficiently conspicuous, especially under mois- 

ture. The spermatia are rod-shaped, very abundant, about ;,,th long, and s;tnth 
broad, on arthrosterigmata which measure th long, and gnth broad. P. callo- 

pismum has similar spermogones. ‘There is no sufficient distinction between 

P. murorum and P. callopismum, unless that the apothecia in the latter are gene- 

rally more of a red colour than those of the former. I refer the latter to the former 

as a mere variety.* 

FAMILY XV. CoLLEMAcEz. 

SECTION I. Licuina Tribe. 

GENUS I. Epuesz, Fr., Born. 

The structure of the spermogones of this genus will be sufficiently illustrated 

by that of the spermogones of L. pubescens, its best-known species. 

SPECIES 1. L. pubescens, Fr.,t 

Which occurs both in Northern America and in.Europe (Syn. Cornicularia, Ach. ; 

Stigonema atro-virens, Agardh.) The filiform segments of the thallus, near their 

tips, exhibit two forms of swellings of their substance. The one is spherical or 

ovoid, and largish; the other is fusiform, elongated, and much smaller. The first- 

mentioned swelling contains the endocarpous apothecium, the last-mentioned the 

spermogone. But these two forms of swelling, or in other words, apothecia and 

spermogones, never occur on the same segment of the thallus, nor even on the same 

tuft of the plant. Apothecia are found on one tuft or specimen ; spermogones on 

another. But both organs have the same relative position on the segments of the 

thallus. The spermogonal ostioles or pores are extremely minute and inconspi- 

cuous. The envelope is formed of the same kind of cells as those which enter 

into the structure of the exciple or perithecium of the apothecia; they are of a 

bluish-green colour. The sterigmata are very delicate linear cells, branching 

slightly below, resembling those of Ramalina. The spermatia are oblong, with 

* The other genera of the Lecanore: will be found included in my Memoir on the Spermo- 
gones and Pyenides of Crustaceous Lichens. Vide foot-note, p. 280. 

+ A good account of the minute structure of its spermogones will be found in Bornet’s “‘ Ré- 
cherches sur la Structure de ?’Ephebe pubescens, Fr.” Annales des Sciences Naturelles, 3d Ser. 
Botanique, vol. xviii., 1852, p. 161. 
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truncate ends, given off as terminal cells or articulations from the apices of the — 
sterigmata. Taf 

Specimen 1.—Mr Harriman,—probably from some of the northern counties o 

England, though no habitat is given; in Herb. Hooker, Kew. The spermogones — 

are abundant as small, but, under the lens, distinct, spherical swellings of, or | 

tubercles attached to, the filaments or segments of the thallus; they are of a 

brown colour, while the thalline filaments are of a deep bottle-green. The sper- 

matia are sub-ellipsoid, about gath to zoth long, and sonth broad, given off from 
the tips of delicate, linear, simple sterigmata, about jth to zcth long, and of equal 
breadth with the spermatia. Some of the sterigmata, especially in old spermo- — 

gones, become elongated and hypertrophied, projecting into the free cavity of the 

spermogone as in Aamalina, and in many Parmeliw. NyLANDER has seen the 

same phenomenon, but he describes it asan abnormal condition. On this subject, 

I would only refer to what I have already said under the head of Placodium cir- 

cinatum (p. 263).  Ephebe pubescens is sometimes confounded with Parmelia 

lanata, to which it certainly bears a considerable resemblance. This mistake 

has occurred in Herb. Menzies, Royal Botanic Garden, Edinburgh (pro parte). 

The character of the apothecia, the stronger segments of the thallus, and the dif- 

ferent spermogones, will at once, however, serve to distinguish the two plants. 

GENUS Il. Licnina, Ag. 

The spermogones of Lichina, to a certain extent, resemble those of Ephebe ; but 

they are greatly larger. They are seated in spherical or ovoid dilatations of the 

ramuscles or segments of the thallus. Where they are placed below the apothecia, 

as in L. pygmea, they appear mere dilatations of the thalline ramuscle as in 

Ephebe; where they are terminal, as in L. conjinis, they appear large barrel or 

tub shaped bodies, resembling the spermogones of Cladonia, except in that they 

are much larger. In the latter species, also, they are sometimes seated directly 

on the apothecia, as also happens occasionally in Cladonia rangiferina ; in such 

circumstances they are barrel-shaped, more so than when they form horn-like 

terminations to the thalline ramuscles. The ostiole is usually very minute and 

inconspicuous. The cavity is generally divided into sinuous compartments. 

The spermatia are ovoid or ellipsoid, about zath to th long, and »ith broad, 
seated on the ends of linear, simple sterigmata, about jth to guth long, sub- 

ramose at the base as in Ramalina. The presence of these spermogones is a strong 

reason, among many others, for dissociating this genus from the Alga, and placing 

it permanently among the Lichens. 

Species 1. ZL. pygmea, Ag. 

The spermogones, in specimens which I have examined, are terminal, occu- — 

pying the same relative position as the apothecia. They are spherical, large, 
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prominent bodies, seated like horns on the ends of the thalline ramuscles. 

Nyanper likewise describes the spermogones as terminal; but TULASNE describes 

and figures them as seated immediately below the apothecia, and on the same 

ramuscles therewith. The cavity of the spermogone is divided into compart- 

ments, which are very tortuous and narrow. The spermatia are oblong, and im- 

bedded in abundant mucilage. 

Specimen 1.—LEIGHTON exs. 260; Torquay, Devonshire. The plant appears 

to be spermogoniferous only: no apothecia are found; but the very plentiful 

spermogones closely resemble apothecia. ‘They are seated at the angles of the 

fastigiate extremities of the thalline segments as very large and prominent 

spherical bodies of the same colour as the thallus. The ostiole is very minute 

and imperceptible. The spermogonal wall or envelope consists of large, oblong 

cells, of an olive-brown colour, closely aggregated into a compact cellular tissue. 

By placing the ends of any of the thalline segments, bearing spermogones, 

between glass slides in water, and applying pressure, under the microscope, 

the spermatia may be seen issuing from the spermogonal ostioles in myriads. 

They are ellipsoid or oval corpuscles, about izoqth long, and yiath broad, or 

almost atomic as to size, and are given off from the ends of simple, linear 

sterigmata, about jth long, and branching below. 

SPECIES 2. L. conjfinis, Ag. 

According to TuLASNE, the spermogones of this species are either terminal, 

occupying the position I have described those of the preceding species to occupy, 

or they are seated immediately on the apothecia. They are smaller than those 

of ZL. pygmea. The position on the apothecia may be supposed in this and other 

cases to favour the supposition that the contents of the spermogones exercise a 

direct, and probably a fertilizing, influence on the contents of the apothecia. But 

it must be remembered that this site is not a very usual one among the lichens. 

The spermatia are about zath long, and janth broad, on sterigmata which 

measure about ; ath to zath long, and are linear and simple as in LZ. pygmea. 

SECTION II. CoLLeMaA Tribe. 

GENUS I. Sywatissa, DE&, 

This genus has the external aspect of Collema, both in regard to its thallus 

and spermogones. But the spermatia are developed from the apices only of very 
delicate, linear, simple sterigmata, which resemble those of Ramalina. The Sper- 

matia are among the smallest known, being about sth long in §. micrococca : 

they are usually rod-shaped or ellipsoid. 

Sprcigs 1. §. symphorea, DC., 

(Syn. iS. lichenophila, DR.,) which occurs equally,in Africa and Europe. This 
| YOL..XXIl. PART I. Ws 
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plant appears to include Collema synalissum, Ach. L. U. 640; Synalissa Acharii, 

Trevis, Hepp. exs. 89; Collema stygiwm, var. incisum, Scher. Enum. 260. 

According to NytAnper, this species is dicecious,—the spermogones and apo- 

thecia occurring on separate plants. The spermatia are oblong, or oblong-ellip- 

soid, about sath long, and sa,th broad, given off as terminal cells or articula- 
tions from the tips of very delicate, linear, simple sterigmata, precisely like those 

of Ramalina. 

Specimen 1.—Sand-hills, Dunfanaghy, County Donegal, Ireland ; Prof. Dicktg, 

1858. About the name and nature of this plant, | am extremely diffident and 

doubtful. It occurs in very small patches, and only a few fragments were sent 

to me for examination. The apothecia are endocarpous, and constitute spherical 

bulgings at the ends of the laciniz ; they somewhat resemble those of Lichina 

pygmea. The spores are ellipsoid,—1-3 septate,—normally the latter. The 

spermogones appear also to be terminal, small, spherical bodies,—resembling 

outwardly, except as to size, the apothecia,—round which they are clustered. 

The spermatia are sub-ellipsoid, and very small. The sterigmata are not dis- 

tinctly seen. In S. micrococca, a French species, the spermatia are atomic as to 

size, being about smth long, and a little less in breadth, according to NYLANDER. 

GENUS II. OmpuHauaria, DR. and Mont. 

This genus closely resembles Collema in its thallus and in its spermogones,— 

in the latter, both as regards their site, appearance, and contents. 

Species 1. O. pulvinata, Scher., 

Which appears to include Collema stygium, var. pulvinatum, Scheer. exs. 435. 

Specimen 1.—Associated with Pannaria triptophylla, var. nigra ; on limestone 

rocks about Yeadon, Yorkshire; coll. Dr CaArrineron. Of this plant Iam not 

at all sure. I have examined only a small fragment, and that not bearing apo- 

thecia. The spermogones are abundant on the tops of the turgid warts, which 

form, or occur on, the margins of the lobes. They are pale, brownish-yellow, 

immerseddisks, disti nct when moistened from the contrast of their colour with 

the dark bottle-green of the thallus. The spermatia are rod-shaped and small, 

and the sterigmata articulated, just as in Collema. 

GENUS III. ConuEMa, Ach. 

The spermogones of this genus are always immersed in the tissue of the 

thallus, and more or less inconspicuous, unless the thallus is moistened. In this 

case, they become frequently very distinct, from the contrast of their pale, 

brownish, or brownish-yellow colour, with the dark-green of the thallus. They 

are distinctly circumscribed, round, hard disks, when distributed on the flat 

surface of the thallus; when marginal,—seated on the crisped and sub-erect 
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margins of the lobes,—they are usually tubercles or warts, resembling frequently 

knobs or buttons. In the latter case, they give the margins of the thallus a den- 

ticulate or warted character. Sometimes, though rarely, they are found both on 

the sub-erect margins and on the flat surface of the thallus near the margin, as 

in some forms of C. melenum. From their pale-yellowish or buff colour, and 

discoid form, they frequently resemble seeds imbedded in the thallus. Sometimes 

they are of a greenish tint, having acquired some of the colouring matter of the 

thallus. The size of the spermogones is pretty uniform; in C. plicatile, the 

breadth is xth to jth. The envelope is of a brownish or yellowish cellular 

tissue. The ostiole is generally brown, minute, and round,—central,—of a deeper 

colour than the rest of the organ. Sometimes it becomes, in the old state, patent 

and conspicuous. The spermogone is not easily enucleated, from its adhesion to 

the surrounding tissue of the thallus, especially when the latter is moistened and 

gelatinous. It is generally necessary, for the examination of the spermogones of 

Collema under the microscope, with a pair of very fine-pointed scissors to cut away 

a portion of the margin of the lobe, with one or more spermogones included, making 

the incision, if possible, through a spermogone. On subjecting such a section to 

pressure between glass slides, in a drop of water under the microscope, the emission 

of myriads of spermatia may be easily seen. These spermatia are in all cases 

short, rod-shaped, and with obtuse ends; they vary in length from gsth to anth, 
—the majority being about goth to smth long, with a breadth of igth to x hqth. 
The sterigmata, in all specimens examined by me, are articulated,—sometimes 

ramose,—about th to qth long, composed of short, roundish, or cubical cells, 

with thinnish walls compared with the component articulations of the arthro- 

sterigmata of Stzcta. 
SPECIES 1. C. auriculatum, Hoffm. 

Specimen 1.—Scurer exs. 432 (sub Parmelia granosa a. vulgaris ; on 
stones among moss, Switzerland. There are two specimens, neither of them 
bearing apothecia; on the right-hand specimen in my copy (original ed., 1842), 
Spermogones occur. In external form, situation, and structure, they closely re- 
semble those of Leptogium saturninum. 

SPECIES 2. C. flaccidum, Ach., 

A widely-spread and familiar species, occurring in Europe, Asia, Northern 
America, and New Zealand. The fact of a variety pyrenodes being mentioned 
by FLorow shows that the spermogones of this species have not escaped the 
attention of the older lichenologists. He evidently alludes to the spermogones 
as his “ Pseudo-peritheciis minutissimis, fusco-atris, vertice poro vertusis.” 

Specimen 1.—On Aghalie Bridge, Lagan Canal, Ireland; D. Moore 3; in Herb. 
Carroll; with apothecia. The Spermogones are small, brownish-yellow disks, 
immersed in the substance of the thallus, and scattered about the margins of its 
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lobes, on their flat surface. They are conspicuous when moistened, amid the 

dark-ereen thallus. 

Specimen 2.—Malham, Yorkshire; Dr Carrinctron, 1857. The spermogones 
are brown disks or warts,—distinctly perforate or ostiolate on the apex,—scat- 

tered over the surface of the lobes among the apothecia, and resembling nascent 

apothecia. 

Specomen 3.—Var. furvum, Stroove Head, County Donegal: Prof. Dickie, 

1852. This is a form with a furvous or granulate thallus; it includes Collema 

rupestre, Scherer exs. 412, and is probably also what NyLANnpER describes as 

C. furvun. The spermogones are dotted about the margins of the lobes, on 

their flat surface. They are very minute, pale, brownish-yellow disks,—distinct 

when the thallus is moistened,—imbedded amid the dark-green tissue of the 

thallus. The spermatia are about jzaoth long, and »,qth broad, rod-shaped, 

seated on the apices and sides of long arthrosterigmata. 

Species 3. ©. furvum, Ach., 

Which occurs alike in Northern America and in Europe. This I regard simply as 

a variety of the preceding, characterised by the possession of a granulate and 

rough thallus. 

Specimen 1.—Scurer exs. 414 (sub Parmelia rupestris B. furca, c. fulr- 
ginea); on stones and the trunks of trees, Switzerland. The spermogones 

closely resemble those of Leptogium tremelloides. ‘They are round disks, of a 

yellowish or light-brown colour, with a deeper brown, central, punctiform ostiole. 

They are usually indistinct amid the deep-green thallus, unless when the thallus 

is moistened, and held up between the eye and the light. They are studded 

about the edges of the lobes, on their flat surface. 

Specimen 2.—Scu#RER exs. 499 (sub Parmelia nigrescens 8. conglomeratum) ; 

on the trunks of various trees in the milder parts of Switzerland,—in my copy 

(original ed. 1843). The spermogones are as described in No. 1; they are much 

less distinct than in Leptogium tremelloides, on account of the very dark-green 

colour of the thallus, and its furfuraceous surface. The spermatia are rod-shaped, 

about jpc0th long, on arthrosterigmata about®;;th to ath long. 35,900 

Species 4. C. melenum, Ach., 

Also occurring, like the last, in Northern America and Europe, and including, as 

a variety, C. cristatwm, Scher. Among its synonyms are Collema marginalis, 

Hook. ; Parmelia multifida B. marginalis, Scheer. En. 255, exs. 420; Collema, — 

Korb. 409; Lichen jacobewfolius, Bernhardi; and Lichen marginalis, E. B. The 

spermogones are immersed and discoid, as in the species already described. 

They may sometimes be mistaken for, or confounded with, a small parasitic 

Spheria, whose perithecia are similarly immersed. It is possible that WALL- 
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roTH’s Thrombium bacillare, and Scopou’s Pseudo-perithecia of Collema multi- 

jfidum referred either to the Spheria in question, or to the ordinary spermogones 

of the species. 

Specimen 1.—Clapham, Yorkshire; coll. Dr Detenton, 1855 ; a beautiful large 

specimen, with abundant apothecia. The spermogones are abundant on the edges 

of the plicate sub-erect lobes as distinct brownish-red warts, easily distinguished 

when moistened, on account of the contrast of their colour with that of the dark 

blackish-green of the thallus. 

Specimen 2.—Malham, Yorkshire; coll. Dr Carrineron; with apothecia. 

The spermogones are marginal, small, brownish-yellow tubercles, very distinct 

when moistened. The spermatia are rod-shaped and very small; the arthro- 

sterigmata are short, broadish, and very irregular. 

Specimen 3.—Deer Park, Belfast; Prof. Dickiz, 1851. The spermogones are 

very abundant roundish warts, of a pale brownish-yellow colour, distinct when 

moistened. They are chiefly marginal, but are also scattered over the flat surface 

of the lobes, towards their periphery. 

Specimen 4.—Ben Bulben, County Sligo ; Prof. Dicxiz, 1851. The spermogones 

are marginal, pale, brownish-yellow knobs or tubercles, but not very distinct even 

when moistened, as they partake somewhat of the deep dull-green colour of the 

thallus. The spermatia are rod-shaped, about 7anth long, and youth broad, 

seated on longish arthrosterigmata. 

Specomen 5.—Appin, CarmicHaEL; in Herb. Hooker, Kew. The spermogones 

are marginal, pale, brownish-yellow or buff-coloured round disks, quite resembling 

small seeds, their colour contrasting well with the dark-green of the thallus. 

They are still more abundant and beautiful in specimens from Ireland, Sir Tuomas 

GAGE (sub nom. C. crispum), and from Choos, Pyrenees (sub nom. C. marginale, 

var. Ach.), without apothecia. 

Specimen 6.—ScH/RER exs. 420 (sub Parmelia multijida 0. marginalis); on 

sunny calcareous rocks, Switzerland. Spermogones occur on the left-hand speci- 

men in my copy (original ed., 1842). They are plentiful on the edges of the lobes, 

to which they give a buttoned or toothed character. They are small brown 
tubercles, roundish or flattened, many of them having a distinct, deepish-brown 

ostiole. The spermatia are rod-shaped, about juth long; the arthrosterigmata 

are pale-yellowish, thick, and irregular in outline. 

_ Specimen 7.—Var. cristatum, Scherer exs. 417 (sub Parmelia multifida B. 

cristata) ; on calcareous rocks, Switzerland. The spermogones are marginal, 

grouped, small, distinct, roundish brown tubercles; there is no very perceptible 

ostiole.. The spermatia are rod-shaped, about jth long; the arthrosterigmata 
are very irregular in outline, and about zth to sth long. 

Specimen 8.—Var. jacobefolium (Syn. Lichen jacobefolius, Bernhardi); with 

laciniee narrow and much cut or dissected. A specimen from Dr Acuarius, 1809, 

‘VOL. XXII. PART 1. AA 
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in Herb. Hooker, Kew, has the curled edges of the lacinize studded over with bi: 

distinct, pale, brownish-yellow tubercle-like spermogones. 

Species 5. C. plicatile, Ach., 

Which occurs in Northern America and Europe. Iam inclined to refer this 

species to C. pulposum. 

Specimen 1.—Hepp. exs. 86; on the banks of the Lake of Zurich, Switziat 

Jand; with apothecia. The spermogones are reddish tubercles, seated on the 

margins of the lobes. Exs. 215 (sub C. turgidum, Ach.); on calcareous rocks, 

Switzerland. In the upper specimen, the spermogones are marginal, distinct - 

tubercles, brownish-red, and with a perceptible ostiole. In the lower specimen, 

they are whitish or paleish-brown externally, yellow within. The spermatia of — 
this species are rod-shaped, jmth long, and 3;;nth broad. 

SPECIES 6. C. pulposwm, Ach., 

A widely-spread species, growing in Europe, Africa, Asia, and Northern America. 

Its spermogones are immersed disks or tubercles, brownish-yellow externally, 
whitish within. The ostiole, which is, in the young state of the spermogone, very 
minute, round, and inconspicuous, enlarges sometimes with age, until it forms a 

large irregular perforation or cavity. The edge of the thallus as well as the 

exciple of the apothecia are sometimes studded over with very conspicuous, 

ragged, deep perforations, which are the ostioles of old spermogones. 

Specimen 1.—(Sub C. chalazanum, Ach.) ; in Herb. Hooker, Kew ; no habitat 

given,—but apparently from Dr Acuarius. The turgid margins of the thalline 

lobes as well as the exciple of the apothecium are studded over with abundant 

spermogones, which are brownish-yellow or tawny-coloured round wartlets, con- 

spicuous amid the deep leek-green tissue of the thallus. They bear on their 

apex a deep-brown papilla, which marks the ostiole; the former is frequently 

irregular in form. The papilleeform ostiole expands with age into a large irre- 

gular perforation. The spermatia are rod-shaped, about gmth long, and sith 
broad; another specimen, also in Herb. Hooker (sub nom. C. erispwm, Nyl.), has 

the edge of the lobes profusely dotted over with spermogones. 

Specimen 2.—Lisclash, Fermoy, Ireland; coll. T. CHanpter; in Herb. Carroll. 

The spermogones are seated on the top of tumid marginal warts; they are, as 

usual, of a pale, brownish-yellow colour. The spermatia are rod-shaped, auth 

long, and swoth broad. In specimens from Malham, Yorkshire, coll. Dr Carrine- 

TON, the spermogones are also seated on the tops of turgid marginal warts. 

Specimen 3.—Var. tenax, LEIGHTON exs. 105 (sub Collema limosum, Ach.) ; Twy- 

cross, Leicestershire (E. B. Suppl. 2704, f.1.) The spermogones are marginal, 

brownish-yellow, distinct, circumscribed from the surrounding green of the thallus. 

Specimen 4.—Var. tenax, Hepp. exs. 87 (sub Collema multijliorwm); on moss, 



OF FILAMENTOUS, FRUTICULOSE, AND FOLIACEOUS LICHENS. 275 

at the foot of old trunks of willows, Switzerland. The spermogones are tubercles 

of the same colour as the thallus, scattered upon the edges of the lobes. The 

envelope is of a deepish-brown cellular tissue. The spermatia are in myriads, 

rod-shaped, almost atomic as to size. 

Specimen 5.—Var. turgidum, Scherer exs. 433 (sub Parmelia turgida); on 

siliceous and calcareous stones, in sunny places, Switzerland. The spermogones 

are marginal, resembling young apothecia. I am also inclined to place here 

ScHRER’S exs. 434 (sub Parmelia stygia B. orbicularis), on calcareous rocks, at 

the Lake of Bienne. In this plant, also, the spermogones are marginal, and inter- 

mixed with the apothecia; they are dull-brown, small tubercles. The spermatia 

are rather longer than those in most of the species of Collema I have already 

described. 

Specimen 6.—County Wicklow, Ireland, 1845; among moss; coll. Moors, in 

Herb. Carroll. The spermogones are abundant on the margins of the lobes as 

small, pale-brown disks, distinct when moistened amid the dark leek-green of the 

thallus. The spermatia are zqth long, and j;;th broad, rod-shaped; the arthro- 
sterigmata are longish, and about sth broad. 

SPECIES 7. C.crispum, Ach. 

This appears to me to belong to the preceding species; its spermogones and 

spermatia are the same. The spermogones, though usually of a brownish-yellow 

tint, are sometimes concolorous with the thallus. 

Specimen 1.—LeEicuHton exs. 106 (sub C.' cristatum, Ach., E. B. 834); near 

Shrewsbury, Shropshire. The spermogones are as described in C. pulposum. In 

a specimen in Herb. Hooker, Kew, the thallus is a mass of isidioid pulvinuli, 

many of them tipped with pale, brownish-yellow, discoid spermogones. 

SPECIES 8. C. cheilewm, Ach., 

Which occurs in Africa and Europe. This appears to include C. crispum, Schzerer 

exs. 425, and C. plicatile, Moug. and Nestler, 456. The thallus frequently bears 

a close resemblance to that of C. melcenui. 

Specimen 1.—On sand-hills, Dunfanaghy, County Donegal; Professor Dick1r, 

1858. The spermogones are pale, brownish-yellow, round tubercles, fringing the 

margins of the dark-green, sub-erect lobes. In another specimen from the same 

locality, they are scattered on the flat surface of the lobes, near their margin; they 

are distinct amid the dark-olive tissue of the thallus. The spermatia are rod- 

shaped, about sth long, and ;,4,th broad. 
Specimen 2.—On limestone, near Fermoy, Ireland ; coll. T. CHANDLER ; in Herb. 

Carroll. The lobes are erect—their margins thin, wavy, and crisped or denticu- 

late from the presence of spermogones, which are small brownish-yellow buttons 

or disks. The spermatia are about ath long, and sonth broad, rod-shaped, on 
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longish arthrosterigmata. Similar spermogones occur, giving a denticulate 

character to the margins of the curled lobes, in specimens from Glencairn Deer 

Park, coll. D. Moorr, in Herb. Carroll. In specimens from near Galway, on 

limestone rocks, coll. D. Moorr, in Herb. Carroll, and Black Rock, Cork, on 

limestone, coll. CARROLL, the spermogones are more or less closely aggregated. 

SpEcIES 9. C. microphyllum, Ach. 

Specimen 1.—Scu®RER exs. 411 (sub Parmelia mgrescens e. microphylla, Sch.) ; 

on the trunks of trees, Switzerland; withapothecia. The spermogones are small 

light-brown or yellowish tubercles, scattered near the edges of the lobes, on their 

flat surface. They somewhat resemble those of Leptogiwm tremelloides. The 
spermatia are rod-shaped, anth to ath long. 

Species 10. C. nigrescens, Ach., 

A widely-spread species, which occurs in Europe, Asia, America, Polynesia, and 
New Zealand. 

Specimen 1.—Hepp. exs. 216 (sub Synechoblastus vespertilio, Lightf. Syn. Col- 

lema nigrescens a. vespertilio, Scheer. exs. 410; Moug. and Nestler, 164, p.p. and 

453; Leight. exs. 104); on the bark of old fruit-trees. In the right-hand speci- 

men in my copy, spermogones occur. They are wholly immersed, and are exter- 

nally of the same colour as the thallus, except the ostiole, which is of a pale-brown 

colour and round. The ostioles pierce the apices of the thalline papillee, which 

are seated external to the region occupied by the apothecia. The spermatia are 

rod-shaped, about goth to mth long, seated on ramose, irregular arthrosterigmata. 

Species 11. C. multipartitum, Sm. 

This European species seems closely allied to NyLANDER’s C. laciniatum, from 
Alabama. 

Specimen 1.—Dunkerron; coll. TayLor; in Herb. Hooker, Kew. The specimen 

is bad, and in small detached fragments; the apothecia are young. Thespermo- 

gones are abundant, scattered over the margins of the lacinize; seated on large, 

pale warts; sometimes confiuent, and always more or less irregular. 

Species 12. Oollema? epiphyllum, Leight. 

Specimen 1.—LeicutTon exs. 103; on laurel and other leaves, Gopsall, Leices- 
tershire. There are here two distinct plants. The one occurs in small round 

scales, gelatinous when moistened, becoming, in progress of growth, palmate and 

divided irregularly. This plant has quite the aspect of Collema externally, 

but has not its structure internally. Neither has it distmmct apothecia, thecz, 

spores, nor spermatia. The other plant is a granular, blackish mass, occurring 

in round patches of varying size. It possesses Pycnides, but neither apothecia 
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nor spermogones. These Pycnides are quite superficial, removeable by the slightest 

touch; they are minute black perithecia, resembling, on the one hand, the peri- 

thecia of many Spherie, and, on the other, the spermogones of many Verrucaric 

and Graphideew. They are probably referrible to some Fungus, whose primary 

fruit does not occur in the specimens examined by me. The stylospores are plenti- 

ful, ellipsoid, pale-yellow, simple, about goth long, and gath broad. The sterig- 

mata are very short, linear and simple. The envelope is of a deep brown. Both 

plants are altogether anomalous in their characters; and until I have further oppor- 

tunities of examining them, I do not know where most appropriately to place them. 

GENUS IV. LeEptoeium, Fr. 

As a general rule, in regard to site, external appearance, and internal struc- 

ture or contents, the spermogones of this genus are precisely those of Collema. 

Nor am | aware of any very valid reason for dissociating Leptogiwm from Collema, 

as is done by NyLANDER and other modern authors. From the thallus in Lepto- 
gium being frequently more delicate and diaphanous than in Collema, and often of a 
beautiful pale-blue, or bluish-green colour, it is generally easier to see and examine 

the spermogones in the former than in the latter genus. This is especially the 

case in Leptogiwm tremelloides and its congeners, which possess the most beautiful 

and easily studied spermogones in the whole family of the Collemata. The sper- 

mogones of Leptogiwm are always immersed, flattened disks, resembling double 

convex lenses, of a pale brownish-yellow colour, with a central, round, very minute, 

brownish ostiole. The ostiole, though usually in the mature and young state of 

the spermogone punctiform, becomes comparatively large and patent in Z. satur- 

ninum, in which it sometimes gives to the spermogone the aspect of a young 

apothecium. The spermogones of Leptogiwm are more frequently seated on the 

flat surface of the lobes, near their margin, less often seated on the margins them- 

selves, than in Collema. In L. subtile, they are marginal, giving a denticulate 

character to the edges of the lobes, as in many Collemas. In L. fragile and L. 

phyllocarpum, they occur both on the margins and on the flat surfaces of the lobes, 

near their margins. Some forms of the beautiful LZ. tremelloides have distinctly 

denticulate lobes, from the presence of marginal spermogones, though generally, 

in this species, these organs are scattered over the flat surface of the lobes, near 

their periphery or margins. In L. tremelloides, the marginal spermogones are 
sometimes distinct largish cones, with a brown apical ostiole. The plant then 

resembles somewhat variety denticulata of Parmelia perforata. In this form of 

L. tremelloides, the body of the spermogone sometimes falls out in age, leaving 

small cup-like cavities, which give to the margin of the thallus a notched and 

very irregular character. The spermatia and sterigmata in Leptogiwm are precisely 
_ those described as belonging to Collema. 
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Species 1. JL. fragile, Tayl. 

Specimen 1.—On limestone, probably from Dunkerron, Ireland; coll. TayLor 

himself; in Herb. Carroll (Syn. Collema fragile, Tayl., “Fl. Hib.” 109; Scheer. 

Enum. 259). The plant is allied to ZL. cretaceum, but its thallus is much larger. 

TayuLor remarks, “ Marginal lobes rough with wrinkles and granules ;” and again to) gr. ? 5) 

*“ their upper surface rough with granules, concolorous with the thallus, clustered, 

of different sizes, globular, yet flattened at the top.’ The granules described so 

minutely by TayLor are the spermogones of the plant. These organs are scattered 

abundantly over the flat surface of the lobes of the thallus, towards its periphery, 

sometimes extending nearly to the centre of the thallus. They never fringe the 

margins of the lobes. They are pale, brownish-yellow, discoid, immersed bodies, 

precisely resembling those of the majority of the Collemas. They are very con- 

spicuous when moistened, under the lens. The spermatia are rod-shaped, about 

mth long, and yaoth broad, on arthrosterigmata having the characters of those 

of Collema. 
Species 2. L. subtile, Nyl., 

Which includes, as a variety, L. diaphanum, Ach. 

Specimen 1.—Var. diaphanum, Philippine Islands, Cumine; in Herb. Hooker, 

Kew (sub. nom. Collema erythrophthalma, Tayl.) The margins of the extremely 

delicate thalline lobes are fringed with very minute, pale, brownish-yellow sper- 

mogonal warts, which constitute a series of teeth or denticulations, resembling 

those met with in South American forms of L. tremelloides. 

SPECIES 3. JL. tremelloides, Fr., 

A cosmopolite and very beautiful species, which includes, as varieties, the Z. 

azureum, L. marianum, and L. marginellum of authors. 

Specimen 1.—On trees, Muckross Woods, Killarney, Ireland; coll. Carrot; 

with apothecia. This is one of the best species of Leptogiwm in which to study its 

spermogones. In this specimen, however, they are well seen only when moistened. 

They are abundant, resembling grains of mustard-seed, studded along the edges 

of the lobes; their colour is of a pale brownish-yellow, which contrasts strongly 

with the dark leaden-gray of the thallus. Each spermogone is pierced centrally 

by a very minute pore or ostiole. The spermatia are rod-shaped, about yath 

long, and 35;nth broad. 
Specimen 2.—Graham’s Town, Cape of Good Hope; in Herb. Hooker, Kew. 

The spermogones are scattered outside the region of the apothecia, on the flat 

surface of the thallus, not on its margins. They are aggregated or grouped in 

considerable numbers as small, regular, roundish or flattened warts or papille, 

concolorous with the thallus. The body of the organ is semi-immersed only, — 

and consists of a hard, whitish kernel; the ostiole is minute, punctiform, and — 
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brown. The spermatia are rod-shaped, about qth long, and 45th broad; the 
arthrosterigmata are about ;,th long. 

Specimen 3.—Schooley’s Mountains, North America, June 1856; coll. Dr A. 

O. Bropirr. The spermogones are easily mistaken for young apothecia; they 

form small, slightly elevated, flattened tubercles on the surface of the thallus, 

about its periphery. They somewhat resemble grains of sago; are very distinct, 

from the contrast of their pale colour with the dark-green of the thallus; and are 

roundish and hard, having an obscure, minute ostiole. The spermatia are rod- 

shaped, about paagth long, on arthrosterigmata resembling those of Collema. 

Specimen 4.—Scu ERER exs. 260, associated with Nephromium tomentosum, var. 

helveticum, Black Forest, Switzerland ; coll. Hocusterrer. The spermogones are 

plentiful about the margins of the lobes of the thallus. They are distinctly 

circumscribed, palish-yellow or whitish disks, round, flattened, with a distinct 

brown punctiform ostiole. 

Specimen 5.—South America, Humpoipt; in Herb. Hooker, Kew (sub nom. 

Collema olivaceum, Hook.) The thallus is very delicate, diaphanous, and of an 

olive-green colour; the lobes are large and rounded. The margins are beautifully 

denticulate, being fringed with spermogones, which look like so many minute 

teeth. These organs are small but well-formed cones, each marked with a brown, 

punctiform, apical ostiole. The cones are distinctly circumscribed; the base of 

the bufi-coloured spermogone not passing into, but being clearly distinguishable 

from, the deep leek-green colour of the thallus. The body of the spermogone some- 

times falls out, and then small cups or cavities are left, which give to the margins 

of the thallus an irregularly notched character. The spermatia are rod-shaped, 

about soth long, and 5), th broad; the arthrosterigmata are about ;,th long. 

Spsors 4. L. phyllocarpum, Pers., 

Which is common in tropical countries. 

Specimen 1.—On bark, St Vincent, West Indies ; in Herb. Hooker, Kew. The 

margins of the lobes are studded over with distinct, small, brownish-yellow sper- 

mogones, of the character of the marginal spermogones of Collema. Similar sper- 

mogones occur plentifully in specimens from Surinam, ex. Herb. Miguel; also in 

Herb. Hooker (sub nom. L. marginellum, Mont.) 

Species 5. L. saturninum, Ach. 

Specimen 1.—ScH#RER exs. 423 (sub Parmelia myochroa a. saturnina); 

on the trunks of trees in the warmer parts of Switzerland. The spermogones are 

quite those of Z. tremelloides, except that they are less distinct on account of the 

deeper colour of the thallus. They occur on the right-hand specimen in my copy 

(original ed., 1842). They abound on the margins of the lobes as pale disks, im- 

mersed, with a more or less distinct brown punctiform ostiole. The latter some- 
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times expands, with age, to such an extent as to give the spermogone the appear- 

ance of a young apothecium. The spermatia are rod-shaped, about jth long, on 

arthrosterigmata about ath to ;;th long. The spermogones and spermatia of 

L. Hildenbrandii, Garov., are similar to those just described. 

GENUS V. Osryzum, Wallr., Tul. 

This genus is represented by its single species, O. corniculatum, Wallr. It 

possesses angiocarpous apothecia, which are so small that they are very apt to 

be overlooked, unless very carefully sought for. The spermogones are also very 

small and inconspicuous; they are scattered about the ends of the lobes, and 

generally resemble those described under Collema. Their diameter is about th. 

The plant closely resembles Leptogium palmatum ; but its angiocarpus apothecia 

distinguish it. 

[The Author has embodied his Researches on the Spermogones and Pycnides - 
of Crustaceous Lichens in a separate Memoir, similar in length to the foregoing 

Memoir, and illustrated by an equal number of drawings. This Memoir on Crus- 
taceous Lichens will include one or two genera, such as Hndocarpon and Nor- 
mandina, which have not strictly a crustaceous thallus, but which, nevertheless, it 
would be inconvenient and unscientific to consider apart from their ally,—the 
extensive and important genus Verrucaria. It will also include the Calicei (genera 
Sphinetrina, Caliciwm, and Coniocybe), which are usually associated in classifica- _ 
tion with the Spwrophorei, but which have a horizontal crustaceous thallus, on 
which the spermogones are seated, or in which they are contained or immersed.] 



EXPLANATION OF PLATES* 

ILLUSTRATIVE OF DR LAUDER LINDSAY’S MEMOIR ON THE SPERMOGONES AND 

PYCNIDES OF LICHENS. 

Prate LV. 

Illustrative of the genera Usnua, Hoffm.; Nevurorocon, Nees and Flot.; Axecrorra, Ach., Nyl. ; 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

and Cutorga, Nyl. 

. Usnea barbata, Fr., var. plicata, Fr., from California ; showing the long pendulous ramules 
covered over with spermogonal warts. 

. Spermogones from the same specimen, more highly magnified, 

. U. barbata, Fr., from Tasmania; showing spermogonal warts covering the cilia, which 
radiate from the margins of the apothecium. 

. U. barbata, Fr., var. hirta, Fr., from Rio Janeiro, Portion of thallus profusely covered 
with small spermogonal warts, most of which have black-punctate ostioles. 

5. Spermogonal warts from the same specimen, more highly magnified. 

. U.barbata, Fr. Section of a spermogone, showing the ostiole a; the multiple or compound 
cavity b, dividimg into numerous anfractuosities, or compartments with sinuous walls ; 
ce, the gonidic layer of the thallus; d, the white medullary tissue, composed of delicate 
branching tubes; e, the cortical layer of the thallus, consisting of closely aggregated 
irregular cells. 

. U. barbata, Fr. Sterigmata a, and spermatia b, Elongated, branching, delicate filaments, 
which project from among the spermatiferous sterigmata, c (in right-hand figure). 

. Sterigmata and spermatia of the same species, from a Tasmanian specimen. ‘The letters 
a, b, have the same reference as in fig. 7. 

Neuropogon melaxanthus, Ach. a, The black fusiform tips of the ramuscles, the seat of 
the compound or confluent spermogones. 

Portion of one of the spermogoniferous ramuscles more highly magnified. 

. Sterigmata and spermatia of NV. melaxanthus ; specimen from Hermite Island, Cape Horn ; 
a, sterigmata ; b, spermatia. 

. Alectoria Taylort, Hook., from Kerguelen’s Land: a, apothecium; 6b, Lecidea alectorie 
mihi, dotted over the under surface of the apothecium, and over the surface of the thallus. 

. A, Taylori, showing the tips of the ramuscles, black and warted from the presence of the 
spermogones 6; a, an apothecium, young ; c, apothecia immersed, punctiform, and black, 
of Lecidea alectorie mihi. 

* The microscopical analyses were chiefly made with the combination of powers of Nachet’s microscope (Petit 
modéle of 1851), which magnify 380 diameters. 

The following is the scale of ;5,th of an inch, to a the sterigmata, spermatia, and stylospores are drawn :— 

| 1000 

The fragments of thallus bearing spermogones or pycnides are mostly magnified more or less, in order that these 
organs may be the more easily recognised. The sections of spermogones, which are mostly diagrammatic, are also 
variously magnified. 
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. Portion of tip of one of the ramuscles—spermogoniferous—more highly magnified., 

. Section of the compound spermogones of A. Taylori: a, ostioles ; b, cavity of spermogone. 

. Sterigmata a and spermatia b of same species. 

. Alectoria jubata, Ach.; Scherer’s “Lich. Helvet. exsic.,” Nos. 392 and 496, showing the 
pycnides at the angles of the ramules. 

Sterigmata and stylospores of same species: a, sterigmata or basidia; b, stylospores, still 
fixed or adherent to the sterigmata; c, free stylospores, apparently devoid of contents ; 
d, free stylospores, with nucleiform contents. 

A. lata, Tayl., Nyl., from Mexico. Sterigmata a and spermatia b, 

Chlorea vulvina, Nyl., from Germany, showing the black punctiform spermogones at a. 

Portion of the same thallus more highly magnified, showing the spermogones more dis- 
tinctly. 

Chlorea vulpina growing on the Wellingtonea gigantea of California: a, punctiform spermo- 
gones; 6, Phacopsis vulpina, Tul., parasitic on its thallus. 

Portion of the thallus of C. vulpina, highly magnified, showing the small barrel-like or 
wart-shaped spermogones a. 

Section of a spermogone of C. vulpina: a, ostiole; 6, cavity; c, walls, consisting of sterig- 
mata; d, gonidic layer of thallus; e, medullary tissue of thallus; f, cortical layer of 
thallus. 

C. vulpina ; Scherer exs., 390. 

C. vulpina; Rocky Mountains. Sterigmata a; spermatia 6; basal cellular tissue c. 

. C. vulpina; Germany. 

Pruate V. 

Illustrative of the genera Evernia, Ach., Nyl.; Ramazina, Ach., Fr.; and Tuamnoxta, Ach., Scher. 

Fig. 1. Evernia furfuracea, Mann.; Scherer exs., 387. Portion of extremity of thalline seements : 

Fig, 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 12. R. ceruchis, Ach.; Chili. Sterigmata a and spermatia 0. m 

a, minute punctiform spermogones ; b, brown tips of ramuscles, resembling spermogones 
of Cladonia ; c, furfuraceous or isidioid warts of thallus. 

. E. furfuracea; Ingleborough, Yorkshire: a, punctiform immersed spermogones; }, brown 
tips of ramuscles, resembling the spermogones of Cladonia. 

. E. furfuracea ; Scherer exs., 387. Sterigmataa; spermatia b; sterile elongated filaments 
of spermogone c ; basal cellular tissue d. 

. E. furfuracea ; Orizaba, Mexico. Sterigmata a and spermatia b. 

. E, Richardsoni, Hook. Portion of thallus magnified, showing the marginal spermogones, 
resembling those of Cetraria Islandica : a, seated on marginal processes ; b, immediately 
marginal. 

. Ramalina calicaris, Fr., var. fraxinea, Fr. (= ampliata of authors), Hepp. exs., 167: a, 
apothecia; b, wart-like spermogones. 

. Portion of the thallus more highly magnified, showing the very irregular spermogones, and 
their pale ostioles a. 

. Section of the thallus of same species, showing spermogones a in different stages of develop- 
ment; b, ostioles. sf 

. R. calicaris, var. fravinea, Sterigmata a, spermatia b, and network of elongated branching 
filaments c, which fill the spermogonal cavity: basal cellular tissue d. 

. RB. calicaris, var. fraxinea. Section of a spermogone: a, ostiole; b, cavity divided into 
several compartments, with sinuous walls; c, inner wall of spermogone, consisting of 
sterigmata; d, gonidic layer of thallus ; e, medullary tissue ; /, cortical layer of thallus. 

. R, calicaris, var. fravinea, Scherer exs., 554. Sterigmata a and spermatia b. 
i 



Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

13. 

14. 

15. 

16. 

ly 

18. 

119: 

20. 

21. 

22. 

23. 

24. 

25, 

EXPLANATION OF PLATES. 283 

Ramalina scopulorum, Ach.; Leighton exs.,2. Portion of thallus, showing a, apothecium ; 
b, irregular wart-like spermogones, mostly with black-punctate ostioles. 

R. scopulorum, Scherer exs., 554. Sterigmata a and spermatia b. 

R. polymorpha, Ach.; Leighton exs., 73. Thallus very much warted with confluent sper- 
mogones a. 

R. terebrata, Tayl. Flat thalline segments covered with irregular spermogonal warts. 

Portion of thallus more highly magnified to show the irregular spermogonal warts, and 
their pale ostioles 0. 

Sterigmata a, spermatia b, sterile branching filaments c, which occupy the cavity of the 
spermogone in the same species; basal cellular tissue d. 

Thamnolia vermicularis, Scher., Falkland Islands, dotted over with the parasitic Lecidea 
vermicularia mihi a, 

T. vermicularis, Scherer exs., 86; bearing large, distinct, wart-like spermogones aa. 

Some of the same spermogones more highly magnified, showing the very pale, inconspicuous, 
stellate-fissured ostiole a. 

Section of one of the same spermogones: a, ostiole; 6, cavity ; c, inner wall formed of 
articulated sterigmata; d, gonidia.; e, medullary tissue of thallus; f, cortical tissue of 
thallus. 

Sterigmata a and spermatia b from same specimen (Scheer. exs., 86). 

Section through the thallus of 7. vermicularis, showing the immersed apothecia of Lecidea 
vermicularia : a, with a convex surface ; b, with a flat or sub-depressed surface ; c, young, 
not yet bursting through the cortical layer of thallus. 

Spores of Lecidea vermicularia ; Falkland Islands. 

Prats VI. 

Illustrative of the genera Roccetxta, Bauh.; Dactyxiina, Nyl.; Durourza, Ach., Nyl.; 

13. 

14. 

Acroscypuus, Lév., Tul.; Srerzocauton, Schreb. ; and Spumropuoron, Pers. 

. Roccella fuciformis, Ach., dotted over with black, punctiform, immersed spermogones. 

. Portion of the thallus more highly magnified, showing some of the spermogones to be 
papilleform ; the black ostiole seated on the apex of a thalline papilla. 

. R. fuciformis, Ach,; Scherer exs,, 553. Portion of the thallus magnified, showing the 
confluent ostioles, seated on the apices of large, irregular, thalline papille. 

. RK. fuciformis, Ach.; west coast of Africa; used in the manufacture of Orchil by Messrs 

Robinson, Huddersfield. Portion of thallus magnified, showing the punctiform spermo- 
gones scattered alike over the apothecia a and thallus. 

. Section through the spermogones of R, fuciformis, showing their papilleform character, 
and the frequently depressed ostiole a. 

. Sterigmata and spermatia of R. fuciformis, Ach.; Africa. 

. R.tinctoria, Ach. Thickest Lima “ Orchella Weed.” Portion of thallus, showing difform 
apothecia a, and punctiform or sub-papilleform spermogones 6. 

. Section through same spermogones, showing the depressed form of ostiole a. 

. Portion of thallus of same species magnified, showing the papilleform spermogones a. 

. Portion of thallus of same species magnified, showing a difform apothecium a, and confluent 
ostioles seated on large irregular thalline papille 6. 

. Two spermogones of same species more highly magnified, showing the confluent ostioles a. 

. Sterigmata and spermatia of the same species. Figs. 8-12 are taken from Lima specimens 
of commercial Orchella Weed. 

Sterigmata and spermatia from other specimens of R. tinctoria, Ach. 

Free, curved, or twisted spermatia of the same spccies. 
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Fig. 15. Roccella Moniagnei, Bél.; Angola, Africa. Portion of thallus magnified, showing a, the 
: ordinary punctiform immersed spermogones; }, large lecidine superficial spermogones ; 

and c, cavities left by the falling out of the old lecidine spermogones, 

Fig. 16. Portion of the same thallus more highly magnified, showing the same punctiform or sub- 
papillaform spermogones a, and lecidine ones 6. 

Fig. 17. Sterigmata and spermatia of same lichen. Some of the sterigmata a become degenerate 
and elongated with age. The cavity of the spermogone is occupied by a network of 
delicate ramose filaments b, resembling those of Ramalina. 

Fig. 18. R. intricata, Mont., from Coquimbo. Sterigmata and spermatia. 

Fig. 19. R. mollusca, Ach. (olim Dufourea), from Cape of Good Hope. Portion of thallus magni- 
fied, showing an apothecium a, and punctiform or papilleform spermogones b. 

Fig. 20. Sterigmata and spermatia of same species. 

Fig. 21. Dufourea madreporiformis, Ach., from Switzerland, Portion of thallus magnified, show- 
ing the punctiform spermogones 6. 

Fig. 22. Sterigmata and spermatia of same species. 

Fig. 23. Dactylina arctica, Hook., collected during Franklin’s first voyage to the Polar regions. 
Sterigmata and spermatia. 

Fig. 24. Acroscyphus spherophoroides, Lév., from Sikkim, Himalayas Portion of end of one of 
the thalline ramuscles, showing the spermogone (and its ostiole) a, resembling that of 
Spherophoron coralloides, Pers. 

Fig. 25. Section of one of the spermogones of same plant. The letters have the same references as 
in fig. 30. 

Fig, 26. Sterigmata and spermatia of same plant. 

Fig. 27. Stereocaulon ramulosum, Sw., from Tasmania. Portion of the ultimate segments of the 
thallus, showing the roundish or wart-like spermogones a, 

Fig. 28. Some of the same spermogones, more highly magnified to show the stellate-fissured, indigo- 
blue-coloured ostiole a. 

Fig. 29. Section through one of the same spermogones: a, ostiole; 6, body of the spermogone, 

Fig. 30. Section, much more highly magnified, through one of the same spermogones : a, ostiole ; 
b, cavity, divided into numerous sinuous compartments; d, gonidia; e, medullary tissue 
of thallus ; 7, cortical layer of thallus. 

Fig. 31. Sterigmata and spermatia of same lichen. 

Fig. 32. Two fragments of the same lichen, showing the spermogones b, forming a sort of collar 
round the apothecia a. 

Fig. 33. S. denudatum, Flk., from Antrim, Ireland. End of a thalline ramuscle magnified, show- 
ing the crowded wart-shaped spermogones a. 

Fig. 34. Spermatia of the same plant, partly straight, partly curved. 

Fig. 35. S. alpinum, Laur.; Ben Nevis. End of a thalline ramuscle, showing the crowded wart- 
like spermogones a. 

Fig. 36. S. paschale, Fr., from near Bonhard, Perth. End of a thalline ramuscle, magnified to 
show the terminal wart-like spermogones a. 

Fig. 37. Some of the same spermogones more highly magnified, showing the stellate-fissured 
ostiole a. 

Figs. 38 and 39. Sterigmata and spermatia from specimens of S, paschale, from Bonhard. 

Fig. 40. S. Argus, Tayl., from Campbell’s Island. Portion of end of one of the thalline ramuscles, 
showing an apothecium a, and a collar of wart-like spermogones 6. 

Fig. 41. Portion of ends of thalline ramuscles of same plant magnified, showing terminal spermo- 
gones a, the segments bearing no apothecium. 

Fig. 42. Sterigmata and spermatia of same plant. 

Fig. 43. Spherophoron compressum, Ach., var. australe, Laur., from New Zealand. Portion of under- 
surface of thallus magnified, showing the round ring-like ostioles of the spermogones a. 
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Spherophoron compressum, Ach., var. australe, Laur., from New Zealand. Specimen re- 

sembling S. coralloides, Pers., in its terminal spermogones a. 

S. compressum, Ach., from the Auckland Islands, Portion of end of one of thalline 

segments, magnified to show the apothecia a, and the grouped spermogones b. 

Portion of a ramuscle, bearing spermogones a, still more highly magnified. 

S. compressum, Ach., from Tasmania. Sterigmata and spermatia, with the network of 
elongated ramose filaments, which occupy the cavity of the spermogone a, 

S. coralloides, Pers., from Cleveland, Yorkshire, showing abundance of terminal papilla- 

form brown spermogones a. 

Tip of one of the spermogoniferous ramuscles more highly magnified, showing the ostiole a, 

Section of one of the spermogones. ‘The letters have the same references as in fig. 30. 

Sterigmata and spermatia of same species. 

S. fragile, Pers., from Craig-y-Barns, Dunkeld. Portion of the thallus, showing the same 
terminal spermogones a as in S. coralloides, Pers, 

S. tenerum, Laur., from Hermite Island, Cape Horn, Portion of thallus magnified, show- 

ing the grouped spermogones a. 

Prate VII. 

Illustrative of the genus Craponia, Hoffm. 

Cladonia deformis, Hoffm., from Ben Nevis. Portion of a podetium, showing the barrel- 
shaped spermogones a. 

. The same spermogones isolated and much more highly magnified : a, ostiole. 

. Section of one of the same spermogones: a, ostiole; 6, cavity; c, inner wall of spermo- 
gone consisting of sterigmata; d, gonidia; e, medullary tissue; /, cortical layer of 
thallus. 

. C. deformis, Scherer exs., 49. Podetium, showing pycnides b, black, punctiform, immersed. 

. C. bellidiflora, Scher.; Ben Nevis. Portion of a podetium, showing brown barrel-shaped 
spermogones a. 

. One of the thalline folioles, with its spermogone more highly magnified: a, ostiole; 6, 
body of spermogone. 

. C. bellidiflora, Ben Nevis: a, apothecium; 0b, terminal spermogones resembling those of 
C. rangiferina. 

. C. bellidiflora, Scherer exs., 39. Spermogones a, on a scyphus 6, 

. Three of the same spermogones highly magnified : a, ostiole ; 6, body of spermogone; c, thal- 
line papilla. 

. A barrel-shaped spermogone, also highly magnified : a, ostiole; 6, body. 

. C. uncialis, Hoffm.; Scherer exs., 82. End of a podetium, showing the terminal horn-like 
spermogones a. 

. Variously-shaped spermogones of the same species magnified: a, ostiole; b, body. 

. Terminal spermogones a, on podetia resembling those of C. rangiferina. 

. C. uncialis, deformed from being the seat of Lecidea cladoniaria mihi, whose pyenides, b— 
black, punctiform, immersed—resemble spermogones: a, spermogones of C. uncialis. 

. Section of deformed bullose portions of thallus of C. uncialis, from Birnam Hill, Dunkeld, 
showing the immersed pyenides of Lecidea cladoniaria mihi: a, old; b, young. 

. Sterigmata a, and stylospores 6, of above pycnides : c, free stylospores, some of them with 
oily contents. 

. C. aggregata, Sw., Eschw. » Portion of thallus, showing the terminal barrel-like spermogones 
at a. 

. Portion of thallus, containing on same podetium apothecia a, and spermogones b. 
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Two of the barrel-shaped spermogones greatly magnified ; a, ostiole; b, body. 

Cladonia aggregata; New Zealand. Sterigmata a, spermatia b, elongated sterile filaments c. 

Section of a spermogone: the letters have the same reference as in fig. 3. 

C. retipora, Ach., Flk.; Tasmania. Portion of the cancellated thallus, showing the terminal 
horn-like spermogones at a. 

Spermogones of the same, highly magnified: a, ostiole; b, body. 

C. rangiferina, Hoffm. ; Blaeberry Hill, Perth. Portion of the thallus, showing the termi- 
nal spermogones at a. Here they are erect. 

Portion of thallus, showing spermogones a, on the nodding apices of the ultimate ramuscles. 

Spermogones highly magnified : a, ostioles; b, body. 

C. rangiferina, from Tasmania. Terminal spermogones a, very minute, and whole thallus 
very delicate and attenuated. 

C. rangiferina ; Long Island, U.S., America. Sterigmata a, spermatia b; sterile, elon- 
gated, branching filaments c, which occupy the cavity of the spermogone, 

C. rangiferina ; Tasmania. Sterigmata a, spermatia b, and elongated branching filaments c. 

C. rangiferina ; Long Island, U.S., America. Spermogones a, seated on the apothecium 6. 

Portion of thallus bulging and warted at c, the warts resembling spermogones; a and b 
refer as in fig. 30. 

C. amaurocrea, Flk., var. capitellata, Bab.; New Zealand. Portion of thallus, show- 
ing a, terminal spermogones, aud 8, lateral spermogones; in both cases barrel-shaped 
and large. 

Spermogones isolated and highly magnified: a, ostiole; b, body of spermogone. 

Sterigmata a, and spermatia bc, of same species—c fixed, and b free spermatia. 

C. macilenta, Hoffm.; Scherer exs., 337. Showing the barrel-shaped spermogones a, fring- 
ing the margin of a scyphus. 

Sterigmata a, and spermatia b, of same species. 

One of the spermogones highly magnified : a, ostiole; 6, body. 

C. macilenta ; var. cornuta ; Scherer exs., 337. Spermogones a, on margins of narrow 
scyphi, borne on the ends of long slender podetia. 

C. macilenta, var. polydactyla, Flk.; Scherer exs., 454. Spermogones a, wart-like or 
barrel-shaped, fringing a scyphus. 

C. macilenta ; Scherer exs., 36. Spermogone terminal and isolated, on end of a long, 
delicate, linear podetium: a, ostiole; b, body. 

C. macilenta ; Scherer exs., 337. Sterigmata a, and spermatia bc [6 fixed, c free]. 

Pruate VIII. 

Illustrative of the genus Cuaponia, Hoflm. 

. Cladonia alcicornis, Flk., from Craigie Hill, Perth; magnified: a, lomzeual foliaceous 
thallus, bearing on its surface sessile, barrel-shaped spermogones 6 ; c, a podetium, 
having the margin of its scyphi fringed with abortive spermogones. 

One of the same spermogones isolated, showing the largish regular ostiole a. 

C. alcicornis, Flk.; Leighton exs., 15. Under surface of horizontal thallus, dotted over 
with papilleform and punctiform pyenides a. 

. Sterigmata a, and spermatia bc, of C. alcicornis ; Scher. exs., 455 ; 6 fixed, c free spermatia. 

5. Spermogones, a, fringing margin of scyphi of same plant; Leighton exs., 15. 

. C. gracilis, Fr., var. cervicornis, Ach., from Morchone, Braemar: a, horizontal foliaceous — 
thallus ; 6, a podetium, terminating in a scyphus fringed with barrel-shaped spermo- 
gones ¢. i 
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. One of the same spermogones isolated and more highly magnified, showing ostiole a. 

. Cladonia gracilis, Fr., var. cervicornis, Ach., from Muckish Mountain, Ireland. A deformed 
podetium, studded over with abortive or degenerate spermogones a. 

. €. gracilis, Fr.; Scherer exs., 66: scyphus bearing a, apothecia, and 6, barrel-shaped 
marginal spermogones. 

. One of latter more highly magnified: a, ostiole; b, body. 

. C. gracilis, Fr., from Tasmania. A barrel-shaped spermogone a, forming the apex of a long, 
slender, tapering podetium 6b. 

. C. gracilis, Fr.; Scherer exs., 641. Scyphi, showing marginal tooth-like spermogones a ; 
b [in lower figure] an apothecium ; ¢ [in upper figure] a secondary sterile podetium. 

. One of the same spermogones more highly magnified: a, ostiole ; b, body. 

. C. gracilis, Fr.; Falkland Islands. Degenerate and old sterigmata, becoming elongated 
and sub-ramose. 

. C. gracilis, Fr. ; Scherer exs.,67. Sterigmata also old and degenerate, becoming elongated 
and ramose; their ramifications forming a network of filaments, which occupy cavity 
of old spermogone. 

. C. pywidata, Fr.; Scherer exs., 53. A scyphus fringed with marginal barrel shaped 
spermogones a. 

. Two of the same more highly magnified : a, ostiole ; b, body. 

. C. pyxidata, Fr.; Scher. exs., 268. A scyphus bearing a, apothecia; and b, marginal 
spermogones. 

. Same plant. A barrel-shaped spermogone terminal on a slender tapering podetium : 
a, ostiole. 

. C. pyzidata, Fr.; Scherer exs., 58. A scyphus fringed with large marginal spermo- 
gones a. 

. The same species; Long Island, North America. A scyphus, bearing marginal spermo- 
gones a, and secondary tapering sterile podetia b. 

. C. pyxidata, Fr.; Sligachan, Skye. Surface, as well as margins, of scyphus, studded over 
with spermogones a. 

. Two of the same spermogones more highly magnified ; a, ostiole ; b, body. 

. C. pyxidata, Fr.; Dumfries. A scyphus bearing large marginal spermogones a. 

. Sterigmata a, and spermatia 6, of the same plant. 

. C. fimbriata, Fr.; Scherer exs., 589. A scyphus bearing large marginal spermogones a. 

. C. fimbriata, Fr.; Scherer exs., 640. Sterigmata a, and spermatia bc [b fixed, ¢ free]. 

. C. fimbriata, Fr.; Derry, Ireland. Scyphus bearing an apothecium a, and spermogones 8, 
both on its surface and margins. 

. Sterigmata a, and spermatia b, of the same plant. 

. C. degenerans, Flk.; Scherer exs., 274. Scyphus bearing marginal large spermogones a. 

. C. cenotea, Scher. Scyphus bearing marginal spermogones a. 

. C. Papillaria, Hoffm.; Scherer exs., 511. Irregular deformed podetia, studded over with 
horn-like or barrel-shaped spermogones a. 

. C, Papillaria, Hoffm. ; Scherer exs.,512. Mature podetium, bearing confluent apothecia b ; 
young podetia c ; brown lecidine spermogones seated on the horizontal granulose thallus a. 

C. Papillaria, Hoftm.; Scher. exs,, 511 and 512. Sterigmata a, and spermatia bc [b fixed, 
c free]. In the right-hand figure the sterigmata are old and degenerate, becoming elon- 
gated and ramose. 

C. furcata, Scher., var, racemosa, Scher. Portion of thallus, showing the terminal barrel- 
shaped spermogones a. 

One of the same spermogones more highly magnified: a, the largish regular ostiole; b, body. 



288 EXPLANATION OF PLATES. 

Fig. 37. Cladonia furcata, Scher., var. racemosa, Scher. ; Dumfries. Sterigmata a, and spermatia b c 
[6 fixed, c free]. 

Fig. 38. Sterigmata a, and spermatia 6 ¢ [6 fixed, ¢ free], from other specimens of the same plant. 
In the left-hand figure the sterigmata are old and degenerate d, bearing no spermatia. 

Fig. 39. C. squamosa, Hoffm.; Glen Callater, Braemar. Portion of thallus, showing terminal sper- 
mogones at a, and sessile ones scattered indiscriminately over the podetium at b. 

Fig. 40. C. squamosa, Hoffm.; Scher. exs,,'74. A scyphus, bearing marginal large barrel-shaped 
spermogones a, and secondary scyphi, which are fringed with small, tooth-like, abortive 
spermogones 6, 

Fig. 41. The same plant; Scher. exs., 73. Portion of the end of a podetium, showing an apo- 
thecium a, and terminal barrel-shaped spermogones b. 

Fig. 42. C. squamosa, Hoffm., var. cespititia, Ach. Portion of thallus, bearing an apothecium a, 
and several sessile barrel-shaped spermogones 6. 

Fig. 43. One of the same spermogones more highly magnified: a, ostiole ; b, body. 

Prate IX. 

Illustrative of the genera Umpiticaria, Hoffm.; Prtticera, Hoffm.; Nepuromium, Nyl. ; 
Soxnorina, Ach. ; Cerraria, Ach., Nyl.; and Puatrysma, Hoffm,, Nyl. 

Fig. 1. Umbilicaria hyperborea, Hoffm., var. convoluta mihi; Brandon Mountain, Ireland. Por- 
tion of thallus, showing a, apothecia; 6, spermogones, perched on the summit of the 
thalline convolutions or papille. 

Fig. 2. Section through thallus showing the said convolutions a, and spermogones b. 

(os) Fig. 

Fig. 4. Section of a spermogone: a, ostiole ; b, cavity; c, inner wall of spermogone, consisting of 
sterigmata ; d, gonidia; e, medullary tissue of thallus ; f, cortical tissue of thallus. 

. Two of the thalline papille b, with spermogones a on their apices; c, ostiole. 

a oe on . U. hyperborea, var. convoluta mihi. Sterigmata a, and spermatia b. 

Fig. 6. U. polyphylla, Hoffm,; Braemar. Polyphyllous thallus, showing the minute papilleform 
black spermogones a, 

Fig. 7. Section of the thallus, showing the immersed spermogones a. 

. U. cylindrica, L., Fr.; Muckish Mountain, Ireland. Showing the minute black puncti- 
form spermogones a. 

Fig. 9. U. cylindrica; Ben Lawers. Showing largish papillaform spermogones a. 

= aS co 

Fig. 10. The same; showing a, an apothecium, and 6, wart-like spermogones, with large black 
ostioles. 

Fig. 11. U. cylindrica; Braemar. Portion of thallus, showing largish punctiform ostioles a of sper- 
mogones, each ostiole forming the centre of a black spot or areola. 

Fig. 12. U. cylindrica ; Braemar. Ostioles a, with their surrounding areolz 8, isolated and greatly 
magnified, 

Fig. 13. Section of thallus, showing immersed spermogones a, At the spermogones have fallen out, 
and have left saucer-like cavities. 

Fig. 14. U. cylindrica; Ben Lawers. Section of thallus, showing spermogones 8, with stellate-fissured 
large ostioles a ; c, fibrille or fixure of under surface of thallus. 

Fig. 15. Section through thallus, in another specimen of same species, showing the papilleform 
spermogones a. 

Fig. 16. Section through thallus, in another specimen, also showing sub-papilleform spermogones a. 

Fig. 17. Section through thallus, in another specimen, showing spermogones with depressed ostioles a. 

Fig. 16. U. proboscidea, DC. ; Lochnagar. Monophyllous thallus, showing sub-papilleform sper-_ 
mogones b ; a, umbilicus or point of adhesion. 

Fig. 19. Section through thallus, showing papilleform spermogones a. 

Fig. 20. U. polyrrhiza, L,; Lochnagar. Monophyllous thallus, showing papilleform spermogones a. 
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Section through thallus, showing the immersed spermogones a. 

Umbilicaria erosa, Hoffm. Monophyllous thallus, showing the minute, black, papilleform 
spermogones a. 

. Section through thallus, showing the immersed spermogones a. 

. U. hirsuta, DC.; Hepp. exs., 117. Portion of thallus, showing a, apothecia; 6, papille- 
form spermogones; c, marginal cilia of thallus; d, cavities with irregular edges, left 
by the falling out of the apothecia. 

. Section through thallus, showing a, an apothecium; 6, immersed spermogones, 

. U.papulosa, Ach.; Schooley’s Mountains, North America. Specimen showing a, apothecia; 
b, spermogones,—very minute, black, punctiform, frequently seated on the pustules 
of the thallus. 

. Section through thallus, showing a, an apothecium; b, immersed spermogones. 

. Neprhomium tomentosum, Hoffm.; Scher. exs., 259. Portion of margin of thallus, show- 
ing marginal spermogones: a, papillaform ; 6, wart-like; ¢, young. 

. Section of one of the same spermogones : a, ostiole; b, body of spermogone. 

Portion of margin of thallus of another specimen of the same plant (Scher. exs,, 259), 
showing the spermogones a, seated on the ends of digitate processes: 

. LV. tomentosum, Hoffm.; Sikkim, Himalaya. Large barrel-shaped spermogones 6, perched on 
the apices of digitate processes c, of margin of thallus: a, ostiole, 

. Two of the same spermogones more highly magnified: a, ostiole. 

. Section of one of the same spermogones: a, ostiole; 6, cavity; c, sterigmata; d, gonidia ; 
e, medullary tissue of thallus ; 7, cortical layer of thallus. 

. Sterigmata and spermatia of same plant. 

. Solorina saccata, Ach., bearing on its surface Spheria urceolata, a; Hepp. exs., 475. 

. Cetraria Islandica, Ach. Portion of thallus, showing the marginal cilia a, which bear 
the spermogones. 

. Portion of same thallus magnified, showing the same cilia and the barrel-shaped spermo- 
gones a at their tips. 

. The same spermogones still more highly magnified: a, ostiole, 

. Portion of thallus of another specimen of the same plant, showing abortive marginal cilia a. 

. Sterigmata and spermatia from different specimens of C. Islandica. 

. C. aculeata, Fr.; spermogones highly magnified: a, ostiole. 

. Platysma nivale, L.; Leight. exs., 43. Portion of thallus, showing the black, wart-like, 
marginal spermogones a. 

. Portion of same thallus magnified, to show the same spermogones : a, ostiole. 

. Section of one of the same spermogones. The letters have the same references as in fig. 33. 

. Sterigmata and spermatia from different specimens of P. nivale, L. 

. P. sepincolum, Hoffm.; Cleveland, Yorkshire. Thallus showing brown papillaform sper- 
mogones a. 

. Some of the same spermogones magnified : a, ostiole. 

. Sterigmata and spermatia of same lichen. 

. P. cucullatum, Hoffm.; Scher. exs., 18. Portion of thallus, showing the black, wart-like, 
marginal spermogones a. 

. Sterigmata and spermatia of same plant. . 

. P. juniperinum, L. ; Scher. exs., 20. Thallus showing the black, wart-like, marginal sper- 
mogones a, 

Sterigmata and spermatia of same species. 
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Prats X. . 

Illustrative of the genera Puatysma, Hoffm., Nyl.; Ricasoz1a, DN., Nyl.; and Sricra, Ach. 

Fig. 1. Platysma ciliare, Ach.; Schooley’s Mountains, North America. Showing the marginal 
denticulate spermogones a, 

Fig, 2. Portion of edge of thallus magnified, showing the barrel-shaped spermogones : 4, ostiole. 

Fig. 3. Sterigmata a and spermatia b of same species. 

Fig. 4. P. lacunosum, Ach., var. 6 atlanticum ; Tuckerman exs., 6. Portion of thallus, showing the 
marginal button-shaped spermogones a. 

5. Portion of edge of thallus, magnified to show the marginal spermogones a. 
es ge 
Fig. 6. Ricasolia herbacea, DN., Inverary. Portion of thallus, showing a, apothecia; and 6}, 

papilleform or mammilleform spermogones. 

= 19 ~I . Two of the spermogones more highly magnified, showing a, a simple ostiole; and 6, a 
stellate-fissured ostiole. 

Fig. 8. Section of thallus, showing a, an apothecium; b, mammillar spermogones. 

Fig. 9. &. herbacea, from Sikkim, Himalayas. Portion of thallus, showing marginal tooth-like 
spermogones a, as well as the ordinary mammilleform ones 6. 

Fig, 10. Two of the same marginal spermogones more highly magnified : a, ostiole. 

Fig. 11. R. herbacea, Sterigmata a and spermatia 6. 

Fig. 12. R. glomulifera, DN.; Inverary. Portion of thallus, showing a, apothecia; 6, mammille- 
form spermogones ; and ¢, a “ glomerulus.” 

Fig. 18. Sticta glabra, Tayl.; Falkland Islands. Portion of thallus, showing a, apothecia; and 
b, papilleeform spermogones. 

Fig. 14. Sections through thallus, showing the spermogones in different phases of development: a, 
body of spermogone ; 8, papilleform ostiole. 

Fig. 15. S. linearis, Tayl.; Tasmania. Portion of thallus, showing a, apothecia; and 6, brown 
punctiform immersed spermogones, scattered chiefly on the ruge. 

Fig. 16. S. damecornis, Ach., var. macrophylla, Hook. ; Killarney. Portion of thallus, showing 
a, apothecia; and b, mammilleform spermogones. 

Fig. 17. Two of the same spermogones, isolated and magnified to show a, a simple ostiole—young ; 
and }, a stellate-fissured ostiole—old. 

Fig. 18. Section of one of the same spermogones. 

Fig. 19. Sterigmata a and spermatia b of the same lichen. 

Fig. 20. S. flavicans, Tayl. ; Falkland Islands. Portion of thallus, showing the sub-marginal 
papilleform spermogones a, and the bright-yellow medullary tissue appearing in a 
fissure of the cortical layer of the thallus at b. 

Fig. 21. Portion of another specimen of same plant, showing both papilleform @ and punctiform 
b spermogones ; the latter occurring chiefly on the rugz of the thallus. 

Fig. 22. Section of thallus, showing both papillzform a and punctiform 6b spermogones. 

Fig. 23. S. orygmea, Ach.; Auckland Islands. Portion of thallus, showing a, apothecia; and 6, sub- 
papilleeform spermogones, seated both on the rugee and about the margins of the thallus. 

Figs. 24 and 25. Sections of thallus, showing a, an apothecium ; and 6, spermogones. 

Fig. 26. S. carpoloma, Del. (= S. impressa, Tayl.); New Zealand. Portion of thallus, showing a, 
apothecia; and b, minute brown punctiform immersed spermogones, mostly seated on 
the rugee. 

Fig. 27, Section of thallus, showing the same spermogones a. 

Fig. 28. S. filicina, Ach., var. Menziesti, Hook. fils. ; New Zealand. Section through thallus, - 
showing the spermogones a seated in cavities b of thalline papille. 

Fig, 29. S. pulmonacea, Ach.; Glen Muick, Braemar. Portion of thallus, showing the brown, 
minute, punctiform, immersed spermogones a. 
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PrateE XI. 

Illustrative of the genus Parmetia, Ach., Nyl. 

. Parmelia tiliacea, Ach.; Tasmania. Portion of thallus, showing a, apothecia; 6b, papille- 
form spermogones ; and ¢, punctiform spermogones. 

. Section of thallus, showing both papilleform and punctiform spermogones with depressed 
ostioles: a, mature; 6, young. 

. P. tihacea; Scherer exs., 358. Sterigmata and spermatia: a, sterigmata, composed of a 
few irregular articulations ; 6, spermatia—atiached, acicular—double the length of those 
at c, which are free; d, network of ramose, delicate filaments, which grow from among 
the sterigmata into the cavity of the spermogone; e¢, basal tissue from which the sterig- 
mata spring. 

P. perforata, Ach.; Rio Janeiro. Portion of thallus, showing a, apothecia, perforate in 
the centre, and with a ciliated border; 6, punctiform, black, immersed spermogones. 

P. perforata ; North America. Sterigmata and spermatia: a, sterigmata, composed of a 
few delicate articulations ; b, spermatia—free—acicular ; c, network of ramose fila- 
ments, which occupy the cavity of the spermogone; d, basal tissue, which forms the 
outer wall of the spermogone. 

. P. perforata, Ach., var. denticulata mihi; Nepal. Portion of edge of thallus, showing the 
large barrel-shaped marginal spermogones: a, ostiole ; 6, body of the spermogone. 

. One of the same spermogones more highly magnified: a, ostiole; 6, body of spermogone ; 
c, margin of thallus. 

. P. perlata, Ach., var, ciliata, DC. ; Crinan Canal, Argyleshire. Portion of thallus, show- 
ing papilleform spermogones at a, and punctiform ones at 0. 

. Section of thallus, showing both these forms of spermogones: a, papilleform ; 6, puncti- 
form, with sub-depressed ostiole. 

Sterigmata and spermatia from same specimen: a, sterigmata, composed of several irregular 
articulations or cellules; 6, free acicular spermatia; c, network of anastomosing fila- 
ments, which occupy cavity of spermogone ; d, basal tissue, which forms outer wall of 
spermogone. 

P, perlata ; Scherer exs., 360. Portion of thallus, showing spermogones a, which are 
brownish, semi-pellucid, resembling sago grains. 

P. perlata (= P. leteformis, Fée); Cuba. Sterigmata a, spermatia b, and basal cellular 
tissue ¢. 

P. caperata, Ach.; Tasmania. Portion of thallus, showing papilleform or wart-like sper- 
mogones at a, and punctiform ones at b. 

Sterigmata and spermatia from same specimen. Letters have same references as in fig. 12. 

P. Borreri, Ach.; Penzance, Cornwall. Portion of thallus, showing a, apothecia; and 
b, punctiform, black, immersed spermogones. 

P. acetabulum, Dub.; Scherer exs., 547. Portion of thallus, showing a, apothecia; 6, 
papilleform spermogones ; c, punctiform ones. 

Section of thallus, showing the same spermogones, both papilleform a, and punctiform 2 c. 

P. acetabulum ; Scherer exs., 547. Sterigmata and spermatia: a, sterigmata, composed 
of several irregular cells or articulations ; 6, spermatia attached to apices of individual 
articulations of the sterigmata; c, network of anastomosing filaments, which occupy 
the cavity of the spermogone; d, basal tissue. 

P. acetabulum (= P. corrugata, Ach.); France. Sterigmata and spermatia. Letters have 
same references as in fig. 12. 

Pirate XII: 

Illustrative of the genus Parmetia, Ach., Nyl. 

Parmelia physodes, Ach. ; Knock Hill, Crieff. Portion of thallus bearing apothecia a, and 
punctiform, black, immersed spermogones b. 
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. Parmelia physodes, Ach.; Cleveland, Yorkshire. Portion of a thalline lacinia, showing 
parasitic fungi a, associated with the punctiform spermogones of P, physodes; and 
b, marginal soredia. 

. P. physodes, Ach.; Scher. exs., 367. Portion of thallus, showing brown, sent 
lecidine spermogones a, and marginal or terminal Sereda b. 

. P. physodes, Ach.; Moncreiffe Hill, Perth; bearing on its thallus the parasitic Lecidea 
Smith, Tul. a; b, terminal soredia ; c, cavities left by the falling out of the apothecia 
of L. Smith ; d, punctiform or papillaform pycnides of L. Smithii. 

. Section through the above thallus, showing the relative position and size of the apothecia a, 
and pyenides 6, of L. Smith. 

. Spores of Lecidea Smithii, Tul. 

. P. physodes, Ach.; Ardrum, Cork, Sterigmata and spermatia, as well as the network (a) 

of ramose filaments, which occupy the spermogonal cavity. 

a. P. physodes, Ach., var. enteromorpha, Ach.; Tasmania. Portion of thallus bearing an 
apothecium a, and punctiform spermogones 6, on broad bullose lacinie. 8 b shows 
another specimen of the same plant, with narrow segments, bearing at their ends the 
same punctiform spermogones c. 

. P. physodes, Ach., var. enteromorpha, Ach.; Falkland Islands. Sterigmata, spermatia, and 
ramose spermogonal filaments. 

. P, Kamtschadalis, Ach.; California. Portion of thallus, bearing apothecia a, and puncti- 
form spermogones b. 

. Sterigmata, spermatia, and ramose spermogonal filaments of the same plant, 

. P. encausta, Ach.; Hepp. exs.,40. Portion of thallus, showing the very abundant puncti- 
form spermogones @. 

. P. encausta, from Morchone, Braemar. Thallus showing a, papilleform spermogones ; 5, 
an apothecium. 

. Section through the same spermogones, showing the depressed urceolate ostiole a. 

. Magnified section of one of the same spermogones: a, ostiole; 6, cavity occupied by a 
network of ramose filaments ; c, sterigmata; d, gonidia ; e, medullary tissue of thallus; 
f, cortical layer of thallus, 

. Sterigmata, spermatia, and ramose spermogonal filaments of P. encausta, from Morchone. 

. P. sazatilis, Ach. Portion of thallus, showing the punctiform, black, immersed spermo- 
gones a. 

. P. saxatilis, Ach. ; Storr Rock, Skye. Portion of thallus, showing the abundant brown 
punctiform spermogones @. 

. Sterigmata and spermatia of P. saxatilis, Ach., from Bunbeg, Ireland: a, network of anas- 
tomosing filaments, which occupy spermogonal cavity. 

. P. sacatilis, Ach., var. sulcata, Tayl.; Derry, Ireland. Portion of thallus, showing 
spermogones and pycnides, intermixed and outwardly indistinguishable from each 
other, a. 

. P. saxatilis, Ach., var. suleata, Tayl.; Connemara: a, stylospores ; 6, spermatia. 

. P. saxatilis, Ach., var. omphalodes, Ach. ; Donegal, Ireland. Portions of thallus magni- 
fied, showing the stellate-fissured ostioles (a) of the immersed spermogones. 

. P. sawatilis, var. omphalodes ; Birnam Hill, Dunkeld. Portion of thallus, showing largish 
papilleform spermogones a. 

. P. saxatilis, var. omphalodes ; Loch Freuchie, Amulree. Portion of thallus magnified, 
showing the papilleeform spermogones, with stellate-fissured ostioles a. 

. Sections of the same spermogones: a, papilleform; b, the urceolate cavities left after the — 
falling out of the bodies of old spermogones,. 

. P. sinuosa, Ach., var. hypothric, Nyl. (= P. carporrhizans, Tayl.); Nyl., “ Lich. Paris.” 
Portion of thallus, showing a, apothecia; 6, papillaform spermogones ; c, punctiform — 
spermogones. 
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Parmelia sinuosa, var. hypothriz, Nyl. L. P. Sterigmata and spermatia. 

P. sinuosa, Ach., var. erratica mihi; Melbury Hill, Dorsetshire: a, oldish spermogones 
with stellate-fissured ostioles ; b, youngish spermogones. 

P. sinuosa, Ach., var. levigata, Tayl.; Connemara, Ireland. Portion of thallus, showing 
a, punctiform spermogones ; 6, terminal soredia. 

P. sinuosa, Ach., var. Caracensis, Tayl.; Caracas, Sterigmata and spermatia: a, network 
of anastomosing delicate filaments, which occupy cavity of spermogone. 

P. conspersa, Ach. Portion of thallus, showing a, apothecia, the exciple being studded 
over with punctiform spermogones; b, the punctiform spermogones, frequently with a 
stellate-fissured ostiole in old state. 

P. conspersa, Ach., minor form; Leight. exs., 79. Narrow lacinie quite covered with 
_ punctiform spermogones a. 

P. conspersa, Ach., major form; Scher. exs.,379. Portion of thallus, showing a, papille- 
form, and b, punctiform spermogones. 

P. conspersa, Ach., major form ; Scher. exs., 379. Sterigmata and spermatia, 

P. conspersa, Ach,, bearing on its thallus the parasitic Lecidea oxyspora, Tul. ; Hepp. exs., 
37: a, apothecia ; and 6, spermogones and pycnides, intermixed, of L. owyspora, Tul. 

Section showing the relative position and size of the same apothecia, spermogones, and 
pycnides: a, apothecia ; be, spermogones ; d, a pycnide. 

P. conspersa, Ach. Sterigmata and spermatia. 

The same, from Scher. exs., 379. 

P. Tasmanica, Tayl,; Tasmania. Portion of thallus, showing a, apothecia; and b, spermo- 
gones, punctiform or papilleform. 

Sterigmata and spermatia of the same lichen. 

P. colpodes, Ach. (=P. Michauaii, Ach.) ; North America. Sterigmata and spermatia. 

P. mutabdilis, Tayl. ; Uitenhage, South Africa, Sterigmata, spermatia, and ramose filaments 
of spermogone. 

Prats XIII. 

Illustrative of the genera Parmenta, Ach., Nyl.; and Puyscta, Fr., Nyl. 

Parmelia tristis, Web, ; Morchone, Braemar. Portion of thallus, showing an apothecium a, 
and marginal wart-like spermogones b. 

. Section of the same spermogones: a, papilleform, with a depressed ostiole; b, simply 
papilleform, young; ¢, urceolate cavity left by falling out of an old spermogone; d, 
flattened, with depressed ostiole. 

. Sterigmata and spermatia of same plant. 

. P. Fahlunensis, Ach. ; Cairngorm, Braemar. Portion of thallus, showing the marginal 
wart-like spermogones @. 

. Some of the same spermogones magnified: a, simple or regular ostiole; 6, stellate-fissured 
ostiole, 

. Section of one of the same spermogones : a, ostiole; 6, cavity; c, sterigmata; d, gonidia ; 
e, medullary tissue of thallus; 7, cortical layer of thallus. 

. Sterigmata and spermatia of same plant. 

. P. stygia, Ach,; Ben Nevis. Portion of thallus, bearing 6, an apothecium ; a, papilleeform 
spermogones. At c the spermogones are old, and exhibit largish irregular gaping ostioles, 

. Section of the same spermogones: a, papilleform; c, with depressed ostiole; 6, cavities 
left by falling out. of old spermogones. 

. P. olivacea, Ach., var. exasperata, Ach.; on trees, Morchone, Braemar. Portion of thallus, 
showing a, apothecia; b, very minute punctiform spermogones, seen only when the 
thallus is moistened, 
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Section of the same spermogones, showing the depressed form of ostiole a. 

Sterigmata and spermatia of same plant, 

Physcia villosa, Dub., var. Dickiana mihi, Belfast. Portion of thallus, showing apothecia a, 
and beautiful large orange-coloured spermogones b. 

Section of same plant, showing the relation of the apothecium a to the spermogones 8, 
The apothecium is dotted over with the small black perithecia of a parasitic fungus. 

Section of one of the same spermogones: a, ostiole; b, cavity; c, sterigmata; d, gonidia ; 
e, medullary tissue of thallus ; /, cortical layer of thallus. 

Sterigmata and spermatia of same plant. 

P. leucomela, Mich.; Cork. Portion of thallus, bearing black papilleform spermogones a. 

Sterigmata and spermatia of same plant. 

P. ciliaris, DC.; Baithayock, by Perth. Portion of thallus, showing a, large, irregular, 
wart-like spermogones, frequently confluent, and with stellate-fissured ostioles; 6, brown 
papilleform spermogones ; and c, punctiform spermogones, as in Scher. exs., 388. 

One of the large papilleform spermogones magnified : a, ostiole. 

Sections of the same spermogones, 

P., stellaris, Fr., var. tenella, Scher.; Penmanshiel, Berwickshire. Portion of thallus, 
bearing a, apothecia; and 6, papilleeform spermogones. 

P, stellaris, Fr., var. tenella, Sch. Sterigmata and spermatia from different specimens— 
Scher. exs., 348 ; exs., 349; and exs., 352. 

P. stellaris, Fr. (= Parmelia aipolia, Auctt.) Portion of thallus, showing numerous 
papillzform spermogones a. 

Another specimen of the same plant, having brown, instead of black, papilleform spermo- 
gones a, 

Some of the same spermogones magnified: a, ostiole. 

P. stellaris, Fr. ; Scher. exs., 350. Portion of thallus, showing spermogones grouped on 
wart-like prominences of thallus a, 

Parmelia stellaris, Fr. (= Parmelia aipolia, Auctt.) Sterigmata and spermatia. 

P. stellaris, Fr., var. albinea, Ach. (= Parmelia erosa, Borr.); Falmouth. Sterigmata and 
spermatia. 

P. cesia, Fr.; Skye. Portion of thallus, showing papilleform spermogones a, and terminal 
soredia 6. 

Sterigmata and spermatia of same plant. 

P. obscura, Fr.; Rescobie, Forfarshire. Portion of thallus, showing the minute, brown, 
papilleform spermogones a. : 

Some of the same spermogones magnified : a, ostiole. 

Sections of the same spermogones. 

P. obscura, Fr. Sterigmata and spermatia. 

P. obscura, Fr.; Cork; bearing on its thallus the parasitic Lecidea obscuroides mihi a. 

Sections of the apothecia of L. obscwroides, showing them in different stages of development: 
a, mature; b, c, young, 

Theca and spores of the same Lecidea. 

Pruate XIV. 

Illustrative of the genera Puyscta, Fr., Nyl.; Pannarta, Del., Nyl.; and Coccocarpia, Pers., Nyl. 

Fig. 1, Physcia parietina, L., var. polycarpa, Ehrh. ; Hepp. exs., 54. Portion of thallus, showing 
the numerous crowded apothecia a, and the papilleform spermogones b. 

Fig. 2. P. parietina, L., var. laciniosa, Scher. ; Scher. exs., 383: a, orange-coloured papilleform — 
spermogones. 
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Section of one of the same spermogones : a, ostiole ; 6, cavity; c, sterigmata; d, gonidia ; 
e, medullary tissue; f, cortical layer of thallus, the component cells full of beautiful 
yellow colouring matter. 

Sterigmata and spermatia of same lichen, 

. Physcia candelaria, Ach.; Scher. exs., 382. Portion of thallus, showing orange-coloured 
papilleform spermogones a. 

Sterigmata and spermatia of same plant. 

. P. flammea, Ach.; Cape of Good Hope. Portion of thallus, showing its orange-coloured 
papillzform spermogones a. 

. P, chrysophthalma, DC.; Long Island, North America. Portion of thallus, showing an 
apothecium a, and orange-coloured wart-like spermogones b. 

. Some of the same spermogones magnified: a, ostiole. 

. Sections of the same spermogones. 

. P. pulverulenta, Fr.; Scone, Perth. Portion of thallus, showing a, simple papilleform 
spermogones ; 8, largish, wart-like, frequently confluent ones ; c, apothecia. 

. Some of the same spermogones magnified: a, simple, papillaform; b, wart-like. 

. Apices of some of the wart-shaped spermogones, magnified to show the stellate-fissured 
ostioles a. 

. Sections of the same spermogones: a, simple, papilleform ; b, wart-shaped and confluent. 

. P. pulverulenta, Fr, Sterigmata and spermatia from different specimens. 

. P. aquila, Fr.; Cork. Portion of thallus, showing a, papilleform young spermogones ; 
6, the largish gaping ostioles of old spermogones ; c, apothecia, 

. Sterigmata and spermatia of different specimens of same plant. 

. P, stellaris, Fr., var. adglutinata mihi; Dumfries. Portion of thallus, showing a, apothecia ; 
b, papilleeform spermogones perched on thalline warts. 

. Sterigmata and spermatia of same plant. 

. P. flavicans, DC. (= Cornicularia erocea, Ach.) Sterigmata and spermatia. 

. Pywine cocées, Ach.; Demerara. Sterigmata and spermatia, 

. Coccocarpia plumbea, Lightf.; Tarbert, Loch Lomond. Portion of thallus, showing a, 
apothecia ; b, confluent spermogones ; c¢, isolated, papilleform spermogones. 

. Some of the same spermogones magnified: a, isolated; b, confluent, showing the irregular 
ostioles c. 

. Sections of the same spermogones: a, isolated ; 6, confluent. 

. Sterigmata and spermatia of same species. 

. Pannaria muscorum, Ach.; Scher. exs., 482, Thallus, bearing apothecia a, and papille- 
form spermogones 6. 

. Portion of a lacinia of same plant, magnified to show the reddish papilleform spermo- 
gones a. 

. Sections of the same spermogones. 

and 30, Sterigmata and spermatia of the same plant. 

P. rubiginosa, Del. ; Leighton exs,, 234, Thallus, bearing apothecia a, and papilleform 
spermogones b. 

P. triptophylla, Ach.; Scher. exs., 159. Two confluent thalli, bearing apothecia a, and 
black, roe-like spermogones b. 

Sections of the same spermogones. 

Spermatia of the same plant. 

Section of one of the spermogones of same plant: a, ostiole; 6, cavity; c, sterigmata 
d, gonidia ; e, medullary tissue of thallus ; f, cortical layer of thallus. 
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Prate XV. 

Illustrative of the genera Puacovium, DC., Nyl.; Sevamarra, DC.; Epuese, Fr., Born. ; 

a bo 

Licuina, Ag. ; Conuema, Ach, ¢ ; and Leprogrum,. Er, 

. Placodium murorum, DC.; Cork. Portion of thallus, showing apothecia a, and orange- 
coloured papillaform spermogones b. 

. Sterigmata and spermatia of same species. 

. P. circinatum, Pers., var. variabile, Pers.; Hepp. exs., 74. Thallus, bearing apothecia a, 
and brown, pellucid, punctiform spermogones }, 

. Section of the same spermogones, 

. P. circinatum, Pers.; Dereham Church. Sterigmata and spermatia, 

. Spermogones of same specimen; a, simple; 6, confluent,—in both cases irregularly stellate- 
fissured and pseudo-lecidine in aspect. 

. P, alphoplacum, Wahlb.; Scher. exs., 330. Portion of plant, bearing apothecia a, and 
punctiform or papilleeform spermogones b, perched on thalline warts. 

. P. fulgens, DC.; Hepp. exs.,194. Thallus, bearing apothecia a, and papilleform orange- 
red spermogones 6, 

. P. chalybeum, Duf.; Hepp. exs., 204. Portion of thallus, showing apothecia a, and 
punctiform spermogones ). 

. Section of the same spermogones. 

. One of the thalline areole, magnified to show the punctiform, immersed spermogones a. 

Sterigmata and spermatia of same plant. 

. P. candicans, Dub. ; Leighton exs., 218. Portion of thallus, showing a, punctiform sper- 
mogones ; and b, apothecia. 

. Section of the same spermogones. 

. Squamaria chrysoleuca, Sm.; Scher. exs., 345. Thallus, bearing a, apothecia; and 6, 
punctiform or papilleform spermogones, seated at b, on thalline warts; at c, about the 
subfoliaceous margins of the thallus. 

. Section of the same spermogones: «@, papilleeform ; 6, flattened, with depressed ostiole. 

. Sterigmata and spermatia of same species. 

. S. gelida, L.; New Zealand. Section of a spermogone: a, ostiole; 6, body of spermo- 
gone; c, thalline wart on which spermogone is seated. 

. Sterigmata and spermatia of same species. 

. Placodium circinatum, Pers., var. ecrustaceum, Nyl.; Hepp. exs., 407. Portion of plant, 
showing a, apothecia; 6, pseudo-lecidine large spermogones. 

. Section of the same apothecia a, and spermogones 6. 

. 22. 

. Squamaria ambigua, Wulf. Portion of thallus, showing minute, punctiform, immersed 

Sterigmata and spermatia of the same plant. 

spermogones a, and terminal soredia 6. 

. Placodium aureum ; Scher exs., 165. Thallus, bearing apothecia a, and papilleform sper- 
mogones 6. 

. Some of same spermogones magnified: a, orange-red ostioles, 

. Section of same spermogones. 

. P. elegans, DC.; Scher. exs., 338. Thallus, bearing apothecia a, and papilleform sper- — 
mogones 0. 

. One of the laciniz of same plant, magnified to show the same spermogones a. 

. Section of same spermogones. 

. Ephebe pubescens, Fr,; ex herb. Harriman. Sterigmata and spermatia. 
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Lichina pygmea, Ag.; Leighton exs., 260. Portion of thallus, showing different forms of 
spermogones @ and 6. 

Portion of thallus of same plant, more highly magnified to show the spermogones a (closely 
resembling apothecia). 

Section of portion of a spermogone : a, cellular envelope ; b, sterigmata; c, cavity of sper- 
mogone full of free spermatia. 

Sterigmata and spermatia of same species, 

L. conjinis, Ag. Apothecia (a) highly magnified, showing the spermogones b, seated 
on their surface ; c, ostiole of apothecia; d, ostiole of spermogones. 

Collema pulposum, Ach. Portion of thallus, showing an apothecium a, and marginal 
spermogones 6. 

C. melenum, Ach. (= C. jacobefolium, Auctt.) Thallus, showing an apothecium a, and 
spermogones which are marginal at b, and sub-marginal at c. 

C. melenum, Ach. Portion of margin of thallus slightly magnified, showing the marginal 
(a) and sub-marginal (b) spermogones. 

One of the discoid marginal spermogones of the same species: a, margin of thallus ; 6, 
body of spermogone ; ¢, ostiole. 

C. nigrescens, Ach. Portion of thallus, showing a, apothecia; 6, papilleform spermo- 
gones. 

Section through an apothecium («) and spermogones (b) of C. nigrescens, Ach. 

C. flaccidum, Ach.; Aghalie Bridge, Ireland, Portion of thallus, showing apothecia a, 
and sub-marginal spermogones 6. 

Leptogium tremelloides, Fr.; Killarney, Ireland. Portion of thallus, showing a, apothecia ; 
b, marginal and sub-marginal spermogones. 

L. tremelloides, Fr.; South America. Portion of margin of thallus, magnified to show the 
denticulate spermogones a; 3, ostiole. 

Sterigmata and spermatia of same species. 
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INDEX OF FAMILIES AND GENERA. 

(Synonyms and the Names of Fungi are in Italics.) 

Acroscyphus, Lév., 109, 113, 151. 
Alectoria, Ach., 110, 113, 115, 120, 124, 127, 133, 134. 

Bzomycez, Nyl., 109, 145. 
Beomyces, Pers., 109, 143, 144, 145. 
Borrera, Ach., 131, 136, 137, 219, 254. 

Candelaria, Massal., vide Physcia, 252. 
Celidium, Tul., 113. 
Cenomyce, Ach., vide Cladonia, 143. 
Cetrariese, Nyl., 110, 175. 
Cetraria, Ach., 110, 116, 137, 146, 175. 
Chlorea, Nyl., 110, 111, 125. 
Cladonia, Hoffm., 109, 111, 112, 113, 114, 115, 116, 

117, 118, 119, 130, 136, 142, 143, 146, 147, 148, 
150, 154, 155, 158, 159, 162, 164, 171, 172, 175, 

8. 

Cladonieze, Nyl., 109, 154. 
Coccocarpia, Pers., Nyl., 110, 111, 114, 116, 118, 255, 

256, 257. 

Collema, Ach., 109, 111, 112, 113, 116, 143, 145, 172, 
183, 239, 257, 269, 270, 271, 275, 276, 277, 278, 

279, 280. 
Collemacez (Family), Nyl., 109, 267. 
Collemese (Section), Nyl., 109. 
Cornicularia, Schreb., 125, 135, 253. 
Cytispora, Ehrenb. (Fungi), 107. 

Dactylina, Nyl., 110, 133. 
Desmazieria, Mont., 131. 

Diplodia (Fungi), 120. 
Dufourea, Ach., Nyl., 110, 111, 115, 132, 133, 141, 

170; 171: 

Ephebe, Fr., Born., 109, 111, 112, 114, 117, 267, 268. 
Erysiphe (Fungi), 106. 

Evernia, Ach., 110, 111, 114, 116, 119, 125, 135, 137, 
219. 

Gyrophora, Ach., vide Umbilicaria, 110, 174. 

Iemadophila, Ehrh., Korb., vide Beeomyces. 
Imbricaria, Schreb., Korb., vide Parmelia. 

Lasallia, Mér., 183. 

Lecanoreze, Nyl., 110, 254, 255. 
Leptogium, Fr., 109, 111, 112, 113, 

278. , 
Lichenacei, 109. 
Lichineee, Nyl., 109. 
Lichina, Ag., 109, 111, 113, 114, 115, 117, 120, 174, 

252, 253, 267, 268. 

116, 277, 

Melasmia (Fungi), 107. 

Nephromium, Nyl., 110, 111, 113, 116, 171, 172, 173. 
Nephroma, Ach. pr. p. Nyl., 110, 172. 178. 
Neuropogon, Nees and Flot., 110, 113, 118, 124, 125, 

134, 135. 

Obryzum, Wallr., Tul., 109, 280. 
Omphalaria, DR. and Mont., 109. 270. 

Pannaria, Del., 110, 111, 116, 173, 255, 256, 257. 
Parmeliz, Nyl., 110, 111, 122, 136, 191. 
Parmelia, Ach., 110, 111, 112, 113, 114, 115, 116, 118, 

119, 125, 135, 136, 143, 145, 146, 180, 205, 206, 
207, 210, 213, 214, 219, 227, 230, 238, 239, 255, 
259, 262, 263, 268. 

Peltigerese, Nyl., 110, 171. 
Peltigera, Hoffm., 105, 110, 120, 133, 134, 171, 172, 

ifes 
Phacopsis, Tul., 125. 
Phoma, Fr. (Fungi), 107, 120. 
Phyllosticta, Pers. (Fungi), 107. 
Physcia, Fr., 110, 111, 112, 113, 114, 116, 118, 119, 

136, 238, 239, 250, 255, 256, 259, 262. 
Placodium, DC., 110, 111, 112, 113, 114, 116, 119, 255, 

259, 262, 264, 265, 266. 
Platysma, Hoftm., 110, 112, 116, 175, 176, 177, 180, _ 

181, 206, 213, 237. 
Polystigma, Pers. (Fungi), 107. 
Psoroma, Fr. pr. p. Nyl., 110, 173, 255. 
Pycnothelia, Ach., vide Cladonia, 161. 

Pyrenothea, Fr., 105, 107. 
Pyxinez, Nyl., 110, 254. 
Pyxine, Fr., 110, 254. 

Ramalineze, Nyl., 110, 126. a 
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Ramalina, Ach., Fr., 110, 111, 112, 113, 114, 115, 116, 
117, 118, 119, 122, 126, 130, 132, 134, 135, 136, 
138, 139, 140, 141, 143, 147, 150, 151, 169, 170, 
174, 187, 203, 207, 212, 252, 253, 255, 263, 267 
268, 269. 

Ricasolia, DN., Nyl., 110, 111, 112, 114, 115, 116, 
191, 195, 198, 201, 205, 257. 

Roccellez, Nyl., 109, 137. 
Roccella, Bauh., 109, 111, 112, 113, 114, 115, 117, 

132, 137, 140, 141, 143. 

Sclerotium, Tode (Fungi), 107. 
Scyphophorus, Fée, vide Cladonia. 
Septoria (Fungi), 120. 
Siphula, Fr., 105, 109, 142. 
Siphulez, Nyl., 109, 142. 
Solorina, Ach., 110, 174. 
Spheria, Haller (Fungi), 105, 107, 112, 130, 137, 175, 

193, 206, 208, 234, 243, 247, 272, 273, 276. 
Spheerophoreze, Nyl., 109, 146. 
Sphzerophoron, Pers., 109, 113, 115, 118, 146, 147, 151. 
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Squamaria, DC., 110, 111, 115, 117, 255, 259. 
Stereocaulese, Nyl., 109, 152. 
Stereocaulon, Schreb., 109, 111, 113, 114, 115, 117, 

118, 149, 151, 152. 
Sticta, Ach., 110, 111, 112, 114, 115, 116, 143, 145, 

146, 172, 183, 191, 195, 198, 199, 201, 202, 208, 
239, 257. 

Strigula, Fr., 120. 
Synalissa, DR., 109, 269. 
Synechoblastus, Trevis., vide Collema. 

Thamnolia, Ach., 109, 111, 114, 118, 142, 143, 144. 
Thrombium, Wallr. (Fungi, pr. p.), 107, 272. 

Unmbilicarieze, Nyl., 110, 182, 254. 

Umbilicaria, Hoffm., 110, 111, 113, 116, 174, 182, 184, 
185, 186, 187, 188, 189. 

Usnex, Nyl., 110, 121. 
Usnea, Hoffim., 110, 111, 112, 113, 114, 116, 118, 119, 

121, 125, 126, 131, 134, 135, 143, 174. 

INDEX OF SPECIES. 

(Synonyms and the Names of Fungi are in Italics.) 

Acetabulum, Dub. (Parmelia), 116, 234, 235. 
Acharii, Trevis. (Synalissa), 269. 

Aculeata, Fr. (Cetraria), 114, 145, 175, 176, 177. 
Mruginosa, Scop. (Lecidea or Iemadophila), 146. 
Agardhiana, Ach. (Lecanora), 264. 
Agardhianum, Ach. (Placodium), 264. 
Ageregata, Sw. (Cladonia), 170, 171. 
Aipolia, Ach. (Parmelia), 243, 244, 245. 
Alcicornis, Flk. (Cladonia), 113, 160. 
Alectoris, Lindsay (Lecidea), 112, 135, 144. 
Aleurites, Ach. (Squamaria), 259, 261. 
Alphoplacum, Whilb. (Placodium), 262, 265. 
Alpinum, Laur. (Stereocaulon), 152. 
Amaurocrea, Flk. (Cladonia), 143, 154, 166. 
Ambigua, Wulf. (Squamaria), 261. 
Amplissima, Sch. (Sticta or Parmelia), 203, 204. 
Anomecea, Hook. (Cladonia), 160. 

_ Anomeeus, Sm. and Hook. (Scyphophorus or Lichen), 
160. 

Aquila, Fr. (Physcia), 236, 239, 249. 
Arctica, Hook. (Dactylina), 133. 
Arctica, Hook. (Dufourea), 133. 
Arctica, Ach. (Umbilicaria), 180. 
Arcticum, Fr. (Nephroma), 173. 

Argus, Tayl. (Stereocaulon), 152, 153. 
Argyracea, Del. (Sticta), 191, 196. 
Articulata, Fr. (Usnea), 131. 
Ashneh (2), (Hivernia or Borrera), 157. 
Aspera, Massal. (Imbricaria), 235. 
Astroidea, Fr. (Physcia), 246. 
Athallum, Spreng. (Endocarpon), 246. 
Atlantica, Ach. (Borrera), 254. 
Atlanticus, Ach. (Lichen), 254. 
Atrovirens, Lyngb. (Stigonema), 267. 
Aurata, Ach. (Sticta), 191, 200. 
Aurea, Scheer. (Lecidea), 265. 
Aureum, Scheer. (Placodium), 265. 

Auriculatum, Hoftm. (Collema), 271. 
Australe, Laur. (Spheerophoron), 151. 
Azureum, Ach. (Leptogium), 278. 

Bacillare, Wallr. (Thrombium), 273. 
Bacillaris, Ach., (Cenomyce), 166. 
Barbata, Fr. (Usnea), 121, 122, 124, 131, 135. 
Bellidiflora, Scher. (Cladonia), 113, 154, 162, 163, 

164. 

Borreri, Ach. (Parmelia), 230. 
Byssoides, Fr. (Biatora), 146. 
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Ceesia, Fr. (Physcia), 218, 246. 
Ceesio-rufus, Sm. (Lichen), 265. 
Ccespititia, Ach. (Cladonia), 113, 160. 
Calicaris, Fr. (Ramalina), 126, 127, 128, 129, 130, 

131, 132. 
Calicaris, Fr. (Lichen), 128. 
Callopismum, Mér. (Placodium), 262. 
Canariensis, Nyl. (Sticta), 194, 196. 
Candelaria, Ach. (Physcia), 250, 252. 
Candicans, Dub. (Placodium), 262, 263. 
Candicans, Dicks. (Lichen), 262, 263. 
Canescens, Ach. (Lecidea), 255. 
Canina, Hoffm. (Peltigera), 174. 
Caperata, Ach. (Parmelia), 207, 210, 231, 232, 233. 
Capitellata, Bab. (Cladonia), 166. 
Caracensis, Tayl. (Parmelia), 218. 
Carnosa, Scheer. (Parmelia), 256. 
Carpoloma, Del. (Sticta), 191, 192, 198. 
Carporrhizans, Tayl. (Parmelia), 214, 215. 
Cellulosum, Ach. (Nephromium), 135. 
Cenotea, Scheer. (Cladonia), 158. 
Centrifuga, Ach. (Parmelia), 232, 233, 234. 
Ceratina, Fr. (Usnea), 123. 
Ceratites, Fr. (Siphula), 142. 
Ceratophylla, Wallr. (Parmelia or Imbricaria), 221, 

225. 

Ceruchis, Ach. (Ramalina), 127, 131. 
Cervicornis, Scheer. (Cladonia), 154, 158, 159, 160. 
Chalazanum, Ach. (Collema), 274. 
Chalybcea, Scheer. (Lecanora), 262, 264. 
Chalybzeum, Duf. (Placodium), 262, 264. 
Cheileum, Ach. (Collema), 275. 
Chrysoleuca, Sm. (Squamaria), 259, 260. 
Chrysophthalma, DC. (Physcia), 239, 250, 252. 
Chrysophthalma, DC. (Parmelia), 252. 
Ciliare, Ach. (Platysma), 177, 180, 181, 182, 237. 
Ciliaris, DC. (Physcia), 239, 240, 241, 243, 247, 249, 

254, 259. 
Cinereo-glauca, Tayl. (Sticta), 191, 193. 
Cincinnata, Ach. (Parmelia), 226. 
Circinatum, Pers. (Placodium), 111, 262, 263, 268. 
Citrinum, Tayl. (Platysma), 180. 
Cladoniaria, Nyl. (Liecidea), 112, 163. 
Coccifera, Hook. (Cladonia or Cenomyce), 163. 
Cocciferus, Hook. (Lichen), 163. 
Cocées, Ach. (Lecidea), 255. 
Cocées, Ach. (Pyxine), 255. 
Collodes, Tay). (Dufourea), 170. 
Colpodes, Ach. (Parmelia), 220. 
Compressum, Ach. (Spherophoron), 132, 146, 147, 

148, 149, 150, 151. 
Concolor, Ram. (Squamaria), 259, 260. 
Confinis, Ag. (Lichina), 113, 268, 269, 
Confluens, Fr. (Physcia), 246. 
Conspersa, Ach. (Parmelia), 112, 113, 116, 163, 206, 

209, 210, 216, 219, 220, 231, 232, 233, 234, 261. 
Coralloides, Pers. (Spheerophoron), 146, 147, 448, 149, 

150, 151. 
Coriacea, Tayl. (Ricasolia), 202, 204. 
Corniculatum, Wallr. (Obryzum), 280. 

INDEX OF SPECIES. 

Cornucopioides, Fr. (Cladonia), 163, 164. 
Cornuta, Fr. (Cladonia), 157, 159, 163, 164. 
Corrosa, Ach. (Ricasolia), 201, 205. 
Corrugata, Ach. (Parmelia), 234, 235. 
Corrugatus, Sm. (Lichen), 234. 
Crassa, DC. (Squamaria) 259. 
Crenulata, Hook. (Ricasolia), 201, 202, 204. 
Cretaceum, Sm. (Leptogium), 278. 
Cribellata, Tayl. (Parmelia), 233. 
Crinita, Ach. (Parmelia), 213. 
Crispata, Ach. (Cladonia), 168. 
Crispum, Ach. (Collema), 273, 274, 275. 
Cristatum, Scheer. (Collema), 272, 273, 275. 
Crocata, Ach. (Sticta), 200. 
Crocea, Ach. (Cornicularia), 253. 
Crocea, Ach. (Solorina), 175. 
Cucullatum, Hoffm. (Platysma), 177, 178, 179. 
Oyclosetis, Ach. (Parmelia), 247. 
Cylindrica, L., Fr. (Umbilicaria), 182, 187, 188, 190. 

Damecornis, Ach. (Sticta), 161, 191, 192, 194, 195, 
196. 

Dameecornis, Ach. (Cladonia), 161. 
Deformis, Hoffm. (Cladonia), 163, 164. 
Degenerans, Flk. (Cladonia), 157, 163. 
Denticulata, Linds. (Parmelia), 112, 203, 206, 211, 

212, 213, 277. 
Denudatum, Flk. (Stereocaulon), 153. 
Depressa, Schrad. (Umbilicaria), 190. 
Deusta, Ach., Flk. (Umbilicaria), 185. 
D’Urvyillei, Del. (Sticta), 191, 200. 
Diadenata, Tayl. (Parmelia), 242. 
Diaphanum, Ach. (Leptogiwm), 278. 
Diatrypa, Ach. (Parmelia), 225. 
Dichotoma, Del. (Sticta), 194, 196. 
Digitata, Hoffm. (Cladonia), 163, 164. 
Digitata, Linds. (Parmelia), 212. 
Discolor, Ach. (Ricasolia), 204. 
Dissecta, Ach. (Ricasolia), 201, 202, 205. 
Domingensis, Mont. (Physcia), 242. 
Dubia, Sch. (Parmelia), 231. 

Echinata, Tayl. (Parmelia), 242. 
Eecmocyna, Ach, (Cenomyce), 158. 
Elegans, DC. (Placodium), 262, 266. 
Elegans, Ach. (Parmelia), 266. 
Encausta, Ach. (Parmelia), 112, 115, 206, 220, 224 

225, 236. 
Endivieefolia, Fr. (Cladonia), 161. 
Endochrysa, Del. (Sticta), 191, 192, 200. 
Enteromorpha, Ach. (Parmelia), 220, 223, 224. 
Epiblastematica, Wallr. (Spheria), 193, 234. 
Epigea, Ach. (Parmelia), 263. 

Epiphyllum, Leight. (Collema 2), 276. 
Ericetorum, Sm. (Lichen), 146. 
Erosa, Hoffm. (Umbilicaria), 182, 186, 187, 226. 
Erosa, Borr. (Parmelia), 246. 
Erratica, Linds. (Parmelia), 216, 218. 
Erythrocarpia, Fr. (Parmelia, Lecidea, or Blas- 

tenia), 265. 
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Erythrophthalma, Tayl. (Collema), 278. 

Fahlunensis, Ach. (Parmelia), 112, 207, 234, 237. 

Fallax, Ach. (Cetraria), 180, 210. 
Fastigiata, Fr. (Ramalina), 129, 130, 131. 
Faveolata, Del. (Sticta), 191, 197. 
Ferruginea, Huds. (Lecidea), 265. 
Filicina, Ach. (Sticta), 191, 194, 198. . 
Filiformis, Hook. (Cladonia, Scyphophorus, or Ceno- 

myce), 163, 164. 
Fimbriata, Fr. (Cladonia), 156, 163, 164. 
Firmula, Ny1. (Physcia), 248. 
Flabellata, Mont. (Sticta), 191, 196. 
Flaccidum, Ach. (Collema), 271. 
Flammea, Ach. (Dufourea), 252. 
Flammea, Ach. (Physcia), 239, 250, 252. 
Flavicans, Tayl. (Sticta), 191, 199, 200. 
Flayvicans, DC. (Physcia), 239, 253. 
Florida, Fr. (Usnea), 123, 124. 
Foliacea, Scheer. (Cladonia), 161. 
Fragile, Pers. (Spheerophoron), 149. 
Fragile, Tayl. (Leptogium), 277, 278. 
Fragile, Tay). (Collema), 278. 
Frawinea, Fr. (Ramalina), 126, 127, 129. 
Freycinetii, Del. (Sticta), 191, 192, 197. 
Fruticosa, Scher. (Cladonia), 167, 168. 

Fuciformis, Ach. (Roccella), 131, 139, 140, 141, 
Fulgens, DC. (Placodium), 262, 265. 
Fuliginosa, Ach. (Sticta), 193, 205. 
Fulvo-cinerea, Mont. (Sticta), 197. 
Fungiforme, Schrad. (Sphyridium), 146. 
Fungiformis, Sch. (Cladonia), 160. 
Furcata, Scheer. (Cladonia), 112, 114, 154, 155, 157, 

158, 165, 166, 167, 168, 171. 
Furfuracea, Mann. (Evernia), 136, 137, 219, 235. 
Furfuracea, DC. (Borrera or Parmelia), 136. 
Furyum, Ach. (Collema), 272. 

Galbina, Ach. (Parmelia), 215. 
Gaudichaudii, Del. (Sticta), 197. 
Gelida, L. (Squamaria), 259, 261. 
Gilva, Ach. (Sticta), 192, 200. 
Glabra, Tayl. (Sticta), 191, 192, 201. 
Glauca, Ach. (Cetraria), 180, 210. 

Glaucum, Hoffm. (Platysma), 163, 178, 180, 208, 209, 
210, 233. 

Glomulifera, DN. (Ricasolia), 105, 195, 202, 203, 205, 
258. 

Glomulifera, Del. (Sticta or Parmelia), 203. 
Gracilis, Fr. (Cladonia), 154, 156, 157, 158, 160, 166. 
Granosa, Scheer. (Parmelia), 271. 

Herbacea, DN. (Ricasolia), 105, 111, 112, 195, 196, 
-199, 201, 202, 204, 205, 258. 

Herbacea, Hoftm. (Sticta), 203. 
Hildenbrandii, Garov. (Leptogium), 279. 
Hirsuta, DC. (Umbilicaria), 182, 190. 
Hirsuta, Ach. (Gyrophora), 182, 190. 
Hirta, Fr. (Usnea), 121, 122, 123, 124. 
Homalea, Ach. (Ramalina), 131. 
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Horizontalis, Hoftm. (Peltigera), 174. 
Hottentotta, Ach. (Parmelia), 235. 
Hottentotta, Ach. (Sticta or Omphalodes), 235. 
Hyperborea, Hoffm. (Umbilicaria), 185, 186, 187, 188, 

230. 

Hyperborea, Ach. (Gyrophora), 185, 186. 
Hypnorum, Fr. (Psoroma), 255. 
Hypothria, Nyl. (Parmelia), 215, 217. 

Iemadophila, Ach. (Lecidea or Biatora), 146. 
Icmadophilus, Ach. (Beeomyces), 146. 
Impressa, Tayl. (Sticta), 198, 199. 
Incana, Scheer. (Cladonia), 164. 
Incurva, Fr. (Parmelia), 234. 
Incurvus, Ach. (Lichen), 234. 

Intricata, Scheer. (Physcia), 254. 
Intricata, Mont. (Roccella), 141. 
Intricata, Fr. (Evernia), 254. 
Islandica, Ach. (Cetraria), 112, 136, 137, 148, 172, 

175, 176, 181. 

Jacobeefolius, Bernh. (Lichen), 272, 273. 

Jubata, Ach. (Alectoria), 133, 134. 
Jubata, Scheer. (Parmelia), 134. 
Juniperinum, L. (Platysma), 177, 178, 179. 

Kamtschadalis, Ach. (Parmelia), 116, 219. 

Kunthii, Del. (Ricasolia), 201, 202, 205. 

Laciniata, Ach. (Sticta), 191, 197. 
Laciniatum, Nyl. (Collema), 276. 
Lacunosum, Ach. (Platysma), 180. 
Lacunosa, Ach. (Cetraria), 181. 
Leeteforniis, Fée. (Parmelia), 210, 211. 
Leetevirens, Scheer. (Parmelia), 203. 
Leevigata, Tayl. (Parmelia), 210, 216, 217. 
Lanata, L. (Parmelia), 268. 
Lata, Tayl. (Alectoria), 134, 135. 
Lata, Tay). (Cornicularia), 135. 
Leonora, Spr. (Parmelia), 233. 
Leucomela, Mich. (Physeia), 241, 242, 248. 
Lichenophila, DR. (Synalissa), 269. 
Limosum, Ach. (Collema), 274. 
Linearis, Nyl. (Sticta), 191, 192, 194, 195. 
Linita, Ach. (Sticta), 192, 193, 194. 

Lutescens, Tayl. (Sticta), 198. 

Macilenta, Hoftm. (Cladonia), 155, 156, 163. 
Macrocarpa, Wilson (Sticta), 195. 
Macrophylla, Fée (Sticta), 194, 195. 
Maculata, Tayl. (Solorina), 258. 
Madreporiformis, Ach. (Dufourea), 112, 132. 
Madreporiformis, Wulff. (Lichen), 132. 
Madreporiformis, Sch. (Cladonia), 133. 
Marginale, Hook. (Collema), 272, 273. 
Marginalis, Huds. (Lichen), 272. 
Marginellum, Mont. (Leptogium), 278, 279. 
Marianum, (Leptogium), 278. 
Melaxanthus, Ach. (Neuropogon), 113, 118, 124, 129, 

132, 135, 238. 
Melznum, Ach. (Collema), 271, 272, Ae 

H 



302 

Menziesii, Tayl. (Sticta), 194. 
Michauaii, Ach. (Parmelia), 220. 
Micrococea, Born. (Synalissa), 269, 270. 
Microphylla, Ach. (Lecidea), 256. 
Microphyllum, Ach. (Collema), 276. 
Mollusca, Ach. (Dufourea), 141. 
Mollusca, Ach. (Roccella), 141. 
Molybdeea, Pers. (Coccocarpia), 257, 258. 
Moniliformis, Bab. (Parmelia), 220. 
Montagnei, Bél. (Roccella), 138, 140, 141. 
Mihlenbergii, Ach. (Umbilicaria), 184. 
Multifida, Sch. (Parmelia), 233, 272, 273. 
Multifidum, Sch. (Collema), 272, 273. 
Multifidus, Dicks. (Lichen), 234. 
Multiflorum, Scher. (Collema), 274. 
Multipartitum, Sm. (Collema), 276. 
Muralis, Scheer. (Parmelia), 260. 
Murorum, DC. (Placodium), 262, 265, 266. 
Muscigena, Ach. (Physcia), 249. 
Muscorum, Ach. (Pannaria), 256. 
Mutabilis, Tayl. (Parmelia), 116, 219. 
Myochroa, Scher. (Parmelia), 279. 

Nigrescens, Ach. (Collema), 276. 
Nigrescens, Ach. (Parmelia), 276. 
Nitida, Tayl. (Sticta), 196. 
Nivale, L. (Platysma), 136, 137, 177, 178, 179, 180. 

Obscura, Fr. (Physcia), 245, 247, 248, 249. 
Obscuroides, Linds. (Lecidea), 112, 247. 
Obyvoluta, Ach. (Sticta), 191, 192, 197. 
Olivacea, Ach. (Parmelia), 206, 233, 235, 236. 
Olivaceum, Hook. (Collema), 279. 
Omphalodes, Fr. (Parmelia), 115, 185, 195, 206, 226, 

229. 

Orygmea, Ach. (Sticta), 191, 192, 199. 
Oxyspora, Tul. (Lecidea), 163, 204, 232, 233. 

Pallida, Hook. fils (Sticta), 192, 201. 
Pannosa, Del. (Pannaria), 256. 
Papillaria, Hoffm. (Cladonia), 111, 161, 164. 
Papulosa, Ach. (Umbilicaria), 183, 184. 
Parietina, L. (Physcia), 239, 250, 252, 253, 254, 265, 

266. 

Parmelioides, Hook. (Lecidea), 258. 

Paschale, Fr. (Stereocaulon), 152, 153. 
Pellita, Ach. (Gyrophora), 184. 
Pennsylvanica, Ach. (Umbilicaria), 183, 184. 
Perforata, Ach. (Parmelia), 112, 116, 202, 203, 206, 

208, 209, 210, 211, 212, 213, 214, 215, 219, 230, 
277. 

Perlata, Ach. (Parmelia), 116, 180, 202, 206, 208, 209, 
210, 211, 212, 213, 215, 216, 218, 219, 

Pertusa, Sch. (Parmelia), 225, 226. 
Phycopsis, Ach. (Roccella), 138, 141. 
Phyllocarpum, Pers. (Leptogium), 277, 279. 
Physodes, Ach. (Parmelia), 116, 122, 123, 135, 136, 

138, 206, 207, 213, 214, 218, 219, 220, 299, 204, 
225, 226, 227, 230, 231, 232, 235, 237. 

Placophyllus, Ach. (Bzeomyces), 145. 
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Placorodia, Ach, (Parmelia), 226. 
Plicata, Fr. (Usnea), 123. 
Plicatile, Ach. (Collema) , 271, 274, 275. 
Plumbea, Lightf. (Coccocarpia), 256, 257, 258. 
Plumbea, Lightf. (Parmelia), 258. 
Polydactyla, Hoffm. (Peltigera), 173, 174. 
Polydactyla, F\k. (Cladonia), 164. 
Polymorpha, Ach. (Ramalina), 122, 126, 130. 
Polymorpha, Schrad. (Umbilicaria), 190. 

Polyphylla, Hoffm. (Umbilicaria), 182, 184, 185, 187. 
Polyrrhiza, L. (Umbilicaria), 184, 186, 188. 
Proboscidea, DC. (Umbilicaria), 182, 187, 188, 189, 

190. 

Proboscidea, Tayl. (Parmelia), 210. 
Pruinosa, Nees (Dufourea), 141. 
Prunastri, Ach. (Evernia), 137. 
Psoromia, Nyl. (Verrucaria), 175. 
Psoromoides, Borr. (Phacopsis), 175. 
Psoromoides, Borr. (Verrucaria), 175. 
Pubescens, Fr. (Ephebe), 267, 268. 
Pubescens, Fr. (Cornicularia), 267. 
Pulchella, Scheer. (Parmelia), 245, 246. 
Pulmonacea, Ach. (Sticta), 191, 192, 194, 195, 197, 

198, 199, 200, 201. 
Pulposum, Ach. (Collema), 274, 275. 
Pulverulenta, Fr. (Physcia), 119, 229, 239, 243, 247, 

248, 249. 

Pulvinata, Scher. (Omphalaria), 270. 
Pungens, Ach. (Cladonia), 166, 168. 
Pungens, Del. (Baomyces), 168. 
Pustulata, Hoffm. (Umbilicaria), 183, 184, 186. 
Pygmea, Ag. (Lichina), 113, 268, 269, 270. 
Pyxidata, Fr. (Cladonia), 112, 154, 155, 156, 157, 158, 

161, 162, 163, 164. 

Quercifolia, Sch. (Parmelia), 214. 
Quercizans, Ach. (Sticta), 194, 196, 203. 

Racemosa, Scheer. (Cladonia), 166, 167, 168. 
Radiosa, Scher. (Parmelia), 265. 
Ramulosum, Sw. (Stereocaulon), 153. 
Rangiferina, Hoffm. (Cladonia), 112, 113, 114, 154, 

155, 158, 165, 166, 168, 171, 177, 268. 
Recurva, Ach. (Parmelia), 234. 
Relicina, Fr. (Parmelia), 215, 216. 
Resupinata, DC. (Peltigera or Nephroma), 172. 
Reticulata, Tayl. (Parmelia), 210, 216, 217, 235. 
Retipora, Ach. (Cladonia), 170, 171. 
Richardi, Mont. (Sticta), 197. 
Richardsoni, Hook. (Evernia), 112, 136, 137. 
Richardsoni, Hook. (Cetraria), 137. 
Rimosa, Scheer. (Lecidea), 263. 
Roseus, Pers. (Beeomyces), 144, 145. 
Rubiginosa, Del. (Pannaria), 256. 
Rubiginosa, Ach. (Parmelia), 256. 
Rubina, Scheer. (Parmelia), 260. 
Rujfa, Ach. (Sticta), 194, 196. 
Rufescens, Hoftm. (Peltigera), 174. 
Rufus, Ach. (Beeomyces), 146. 
Rugosa, Tayl. (Parmelia), 216, 217. 
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Rupestre, Scheer. (Collema), 272. 
Rupestris, Pers. (Bacomyces), 146. 
Rupestris, Sch. (Parmelia), 272. 

Saccata, Ach. (Solorina), 175. 
Saturninum, Ach. (Leptogium), 271, 277, 279. 
Saxatilis, Ach. (Parmelia), 115, 116, 123, 163, 185, 

195, 202, 204, 206, 207, 213, 214, 215, 216, 217, 
218, 219, 222, 225, 226, 227, 228, 230, 231, 232, 
233, 235, 237, 261. 

Saxicola, Ach. (Squamaria), 259, 260. 
Scopulorum, Ach. (Ramalina), 122, 126, 128. 
Scorigena, Mont. (Evernia), 266. 
Scorigenum, Mont. (Placodium), 266. 
Scortea, Ach. (Parmelia), 215. 
Sepincolum, Hoffm. (Platysma), 177, 178, 180, 181. 
Stnuosa, Pers. (Sticta), 194, 196. 
Sinuosa, Ach. (Parmelia), 116, 206, 207, 208, 210, 

214, 215, 216, 217, 218, 227, 228, 233. 

Speciosa, Fr. (Physcia), 242, 248. 
Spherophoroides, Lévy. (Acroscyphus), 151. 
Squamosa, Hoffm. (Cladonia), 113, 157, 159. 
Stellaris, Fr. (Physcia), 218, 239, 242, 243, 245, 246, 

247, 249, 255, 261. 
Stellata, Sch. (Cladonia), 165, 166. 
Stygia, Ach. (Parmelia), 112, 115, 206, 207, 224, 234, 

236, 250. 
Stygia, Sch. (Cetraria), 237. 
Stygium, Del. (Collema), 270, 275. 
Submarginalis, Ach. (Parmelia), 215. 
Subtile, Nyl. (Leptogium), 277, 278. 
Sulcata, Tayl. (Parmelia), 228. 
Sylvatica, Ach. (Sticta), 191, 193. 
Symphorea, DC. (Synalissa), 269. 
Synalissum, Ach, (Collema), 269. 

Tasmanica, Tayl. (Parmelia), 233. 
Taylori, Hook. (Alectoria), 113, 118, 124, 134, 135, 

144, 238. 
Teicholytum, DC. (Placodium), 265. 
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Tenax, Ach. (Collema), 274. 
Tenella, Scheer. (Borrera), 243, 244, 245, 246. 

Tenerum, Laur. (Spherophoron), 147, 149. 
Terebrata, Tayl. (Ramalina), 129, 131. 
Tiliacea, Ach. (Parmelia), 116, 117, 122, 125, 135, 

138, 234. 
Tinctoria, Ach. (Roccella), 138, 140, 141. 
Tomentosum, Laur. (Stereocaulon), 152. 
Tomentosum, Hoffm. (Nephromium), 107, 112, 172, 

173. 

Trachiata, Fr. (Cladonia), 158. 
Tremelloides, Fr. (Leptogium), 272, 276, 277, 278, 

279. 
Triptophylla, Ach. (Pannaria), 114, 256, 270. 
Tristis, Web. (Parmelia), 112, 206, 237. 
Tristis, Scheer. (Cetraria), 238. 
Tuberculata, Tayl. (Alectoria), 127. 
Tumidula, Nyl. (Usnea), 132. 
Turgida, Ach. (Parmelia), 275. 
Turgida, Hoffm. (Cladonia), 143, 165, 166, 274. 
Turgidum, Ach. (Collema), 275. 

‘Unceialis, Hoffm. (Cladonia), 112, 143, 165, 166. 
Urceolata, Scheer. (Spheria), 175. 

Varia, Leight. (Umbilicaria), 190. 
Variabile, Pers. (Placodium), 263. 

Vellea, L., Fr. (Umbilicaria), 182, 190. 
Vellea, Ach. (Gyrophora), 182, 185. 
Ventricosa, Scheer. (Cladonia), 160. 
Vermicularia, Linds. (Lecidea), 112, 135, 142, 144. 
Vermicularis, Scher. (Thamnolia), 112, 135, 142, 143. 
Vermicularis, Sw. (Cladonia or Cenomyce), 143, 144. 

Verticillata, Fr. (Cladonia), 158, 159. 
Vespertilio, Lightf. (Synechoblastus), 276. 
Villosa, Dub. (Physcia), 239, 253, 254, 266. 
Vulpina, Nyl. (Chlorea), 125. 
Vulpina, Tul. (Phacopsis), 125. 

Xanthosticta, Pers. (Sticta), 191, 198. 
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ERRATA. 

Page 392, line 11, for fasciculata read fasciculatum. 

: 22, for cylindraceus read cylindraceum. 

4 Add to the list Loxonema sulculosa. 

393, line 20, for longispina read longispinus, 

‘ 22, for duplicicosta read duplicicostatus. 

a 24, for Aviculu rugosa read Aviculopecten rugosus. 

J 28, delete Orthis filiaria, 

19, for Athyris gibera read Atrypa gibbera, but it should be conjoined with 

Orthis resupinaia. 
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IX.—Description of the Plant which produces the Ordeal Bean of Calabar. By Joun 

Hutton Batrour, A.M., M.D., F.R.SS. L. & E., Professor of Medicine and 

Botany in the University of Edinburgh. (With two Plates, XVI. and XVII.) 

(Read 16th January 1860.) 

It has been long known that in various parts of Africa, the natives are in the 

habit of subjecting to the ordeal of poison parties who are suspected of crimes. 

On the east coast, we meet with Tanghinia venenata, yielding the Tanghin poison- 

nut of Madagascar; and on the west coast, seeds and barks of different kinds have 

been employed as ordeals,—the sources of which, however, have not been hitherto 

fully ascertained. 

Dr Kirk, naturalist to the Livingstone Expedition, states, that the Manganja 

tribe, in the south-east of Africa, believe in a God, and in medicine, or the ordeal 

which he directs as the means of discovering crime. If the ordeal causes vomit- 

ing, it shows innocence; if it acts by the bowels, crime, and the person is put to 

death. But the doctors have a good knowledge of which to give, for there are 

different plants used. 

In the district of Old Calabar a bean is used for an ordeal poison, to which 

the name of Esére is given. It possesses extraordinary energy, and the attention 

of the missionaries of the United Presbyterian Church of Scotland in that quarter 

was directed to this poison several years ago. The Rev. H. M. WappeE Lt, one of 

these missionaries (now in Edinburgh), brought some of the beans to this country ; 

and of late, numerous specimens of them have been sent or brought to Edinburgh 

by other missionaries. As they possessed considerable interest in a toxicological 

point of view, they naturally attracted the attention of medical jurists. 

The effects and mode of action of the ordeal bean were examined in 1855 by 
Dr Caristison (Edinburgh Monthly Journal of Medical Science, March 1855). The 

information obtained by him as to its effects on the negroes in Africa from 

observers there, merely went to show that the bean did not cause any serious 

injury if it was vomited not long after being taken; but that, if retained, it in- 

variably caused death, sometimes within an hour, and apparently occasioning 

insensibility and slight convulsions. On careful inquiry, however, he found that 

the real phenomena, and the kind of action exerted on the body, are quite 
different. 

From an incidental observation made on himself, in consequence of an over- 

dose having been accidentally swallowed, it appears that the ordeal bean causes 

giddiness, a sense of not unpleasant weariness and heaviness in the limbs, then 

great languor and tumultuous irregularity of the pulse and heart, extreme weak- 
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ness and faintness, great abridgment of the power of volition over the voluntary 

muscles, very slight twitches of the muscles of the chest, but no diminution of 

sensibility, and no disorder of the mental functions. The articulation becomes 

sluggish; but it is not imperfect, if the words be pronounced deliberately and 

with attention. As these effects wear off sleep supervenes, and it lasts for a few 

hours; after which there is languor of the muscles, and inaptitude for exertion, 

passing off before next day. The effects now described were the result of taking 

twelve grains carefully chewed, while the stomach was empty. As the stomach 

was cleared out by an emetic so soon as the giddiness and weariness of the limbs 

were felt decidedly, it is not improbable that even that small dose, amounting to 
a fourth part of one bean, might prove speedily fatal. 

The mode of action seemed to be by paralyzing the heart on the one hand, 

and on the other by suspending the influence of volition over the muscles, but 

without affecting sensation. This conclusion was confirmed by a few experiments 

on the lower animals, showing that an emulsion of the seed introduced into the 

cellular tissue under the skin occasions sudden feebleness, slight muscular 

twitches, muscular paralysis, and death in a few minutes by arrestment of the 

heart; which is accordingly found immediately afterwards to be paralysed, and 

filled in its left cavities with florid blood. Sensibility was manifested so long as 

advancing paralysis did not take away the power of expression. 

Dr SHarrey has since communicated to Dr Curistison some experiments 

made at his request on the frog with an alcoholic extract of the seed. This ex- 

tract was found by Dr Curistison, by experiment on quadrupeds, to concentrate 

in itself the activity of the seed, and to be consequently a poison of intense energy. 

Dr SHARPEY ascertained by experiments on the frog, that it paralyses the action of 

the lymph-hearts, does not impair circulation in the vessels, appears to suspend 

the influence of volition over the muscles, does not affect the direct excitability 

of the muscular fibre, and apparently also leaves the muscles excitable by stimuli 

conveyed along the nerves, other than volition, at least by electricity. 

Dr Curistison attempted to detach the active proximate principle from the 

alcoholic extract; but the quantity of material was insufficient to enable him to 

do more than ascertain, that an alkaloidal principle was not separable by some 

of the simple processes of proximate analysis used in similar circumstances. 

The beans are said in Africa to lose their poisonous qualities after being 

roasted or boiled; but this is extremely doubtful. In the cooked condition, 

however, they are (according to Mr WADDELL) sometimes administered medici- 

nally, without producing poisoning. The difference of apparent effect is often 

remarkable. Mr Hewan, medical missionary of Calabar, states, that in one 

case which came under his own notice, a woman who was accused of injuring 

her child by witchcraft, came in from a distance, strong in innocence, and 

demanded to have the ordeal administered. She ate twenty-four beans and 
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did not die. Next day, another woman, encouraged by her escape, underwent 

the ordeal, and she ate twenty-two beans, and died. There was no vomiting in 

either case. The difference of effect might be owing either to an actual difference 

in the beans administered in the two cases, or to their mode of preparation. The 

fetish-man who administers the poison can manage this beforehand, according 

as he wishes the party to live or die. The natives themselves do not seem to 

have much faith in the bean as an ordeal, rather looking upon a summons to 

undergo the test as a sentence of death, and, if in their power, making their escape 

and going into exile. 

The Rev. Zerus Batu, another missionary, now in this country, who studied 

medicine partially at our school, writes to me in the following terms:—“ I have 

several times been called upon to visit people under the influence of this poison. 

The symptoms, so far as I have observed them, are as follow :—The patient, when 

fairly under the influence, presents a peculiarly stupid, drunken look, the face is 

flushed and swollen, the eyes protruding, the mouth externally has somewhat 

the appearance of a person under salivation. At first there is a considerable 

flow of saliva, which eventually becomes frothy; the pulse is moderately full ; 

the limbs gradually become powerless; the person walks very like an individual 

under the influence of strong drink; the muscles of the tongue, as well as the 

other muscles of the body, soon appear to get into a state of paralysis; the 

breathing becomes laborious, and the patient gradually sinks. Ihave used with - 

good effect both the stomach-pump and emetics. I may state, that the bean is 

generally administered in supposed cases of witchcraft. The accused parties, 

whether male or female, are tried very much in the same way as witches were 

dealt with in Scotland, in former times. The judges are the chiefs of the town. 

Each chief puts down an Eséré on the ground, and the accused party takes 

them up one by one, chews, and swallows them. Sometimes as many as twenty 

or thirty are thus taken. If he vomits, he is mnocent; if he dies, guilty. On 

questioning my boy from Calabar, he tells me that in cases where they wish the 

accused party to die, they rub the Eséré over with the gall of the leopard before 

administering it.” 

It is a common custom in Old Calabar to sacrifice human lives on the death 

of aking. In 1847, when King Eyamba died, the horrid practice was carried on. 

The ordeal of poison by the Eséré bean, commonly called “chop nut,” was also, as 

usual, put in execution to discover who, by the ifod or native witchcraft, had 

killed the deceased man. It was thus employed as a judicial proceeding for the 

detection of crime, according to native ideas; and although the missionaries tried 

then, and at other times, to enlighten the minds of the natives on the subject, 
and had enlisted the succeeding King Eyo in their views, still the chiefs generally, 
could not be persuaded to abandon the use of the Eséré. The following account 
is given in a missionary journal :—“ In the early part of 1852, Archibong, Duke 
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of Duke Town, died. His mother, a great lady, and highly connected and influential, 

sought to comfort herself for the death of her son by the death of as many as she 

could lay hands on. Four distant connections of his were charged by her before 

a high official, brother of the late King Eyamba, and they had to purge themselves 

by the poison ordeal from the imputation of having caused his death by witch- 

craft. They all died. Some of his wives were also put to death that day in the 

same way. The next day, a host of armed slaves came from the Qua-river plan- 

tations, and filled the town, determined, they said, to find out who had killed 

Archibong. Supported by these, the bloody-minded woman had many more put 

to death, charging them with practising witchcraft against her son, and making 

them chop-nut. The process was publicly carried on in the open town-place, 

and in presence of the chief men. The efforts of the missionaries to arrest the 

work of destruction were in vain. Duke Efraim, who was next in authority to 

the deceased, was full of wrath that they should presume to interfere by a single 

word in the matter, and the murders went on, till above twenty free people were 

known to have died by the poison ordeal.” 

The beans which Mr WappELL brought to Scotland germinated in the Botanic 

Garden, as well as in Professor Symr’s garden at Milbank; but although the 

plants grew vigorously, and produced twining stems and leaves, they never flowered. 

The twigs and foliage were quite identical with native specimens which I have 

lately received from Africa. Some of our plants were much injured by the red 

spider. Attempts were made by the missionaries to get native specimens of the 

flowering stems of the plant, but they were for a long time unsuccessful ; at length, 

however, the Rev. W. C. THomson succeeded. Writing to Mr ANprEw Murray from 

Ikoneto, Old Calabar, on 29th August 1859, Mr THomson says—“ I am happy to 

be at length able to send you samples of the flower of the Eséré or ordeal bean. You 

may perhaps wonder why none have been sent home long ere this; the explanation 

being not so much remissness on our part, as rather fortunate ignorance on that 

of the natives. Very few of them (none that I have ever met with) know any- 

thing of the plant at all, however well acquainted they may all be with the actual 

bean. Among the first things I did on returning from Britain last year was to 

offer a reward to be shown a veritable living plant. Many tried for the reward. 

Various most different leaves were brought to me as those of the Eséré ; nor was 

it till the ripe fruit was seen that success was obtained, and a fine plant pointed 

out to me, with numerous pods still attached. From this plant we have since 

got the flowers also. For want of spirits, I have had to preserve those I am send- 

ing in a solution of common salt, which I trust will keep them in an examinable 

condition ; otherwise, I must trust to your seeing those Mr BaiLutz is taking with 

him from the same source, but preserved in spirits.” 

Unfortunately, the specimens sent by Mr Tuomson have not reached Mr 

Murray, but those brought by my friend and former pupil Mr Baruuis have been 
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given to me for examination. By means of them, I have been able to make out 

fully the characters of the plant. After doing so, I was favoured with the use of 

a letter from Mr THomson to Mr Murray, in which he gives the characters he had 

noticed in the living plant. These are remarkably well detailed, and point out 

Mr Tuomson as a very good botanical observer, and one who is likely to add to 

our information relative to the Flora of Africa. It is pleasing to observe that all 

the missionaries at Old Calabar have a taste for natural science. They have 

already contributed many valuable zoological and botanical species. May they 

long be spared to carry on their noble evangelizing efforts and their natural 

history pursuits. 

The ordeal bean has been found to belong to the natural order Leguminose, 

the sub-order Papilionacece, and the tribe Phaseolew, and it appears to constitute 

anew and distinct genus. It is curious to find, that among the papilionaceous 

plants, which yield our edible beans, peas, and pulse of various kinds, there 

should occur many poisonous genera and species. Among them may be noticed 

Coronilla varia; the seeds and bark of Laburnum; seeds of Lathyrus Cicera, 

and of Lathyrus Aphaca,; the root of Phaseolus multiflorus, or the scarlet 

runner, and of Phaseolus radiatus; the bark of the root of Piscidia erythrina, 

or Jamaica dogwood; the branches and leaves of Tephrosia toxicaria (the 

two latter plants being employed as fish-poisons); Gompholobium uncinatum, 

which is said to have poisoned sheep in the Swan River Colony; and the plant 

now under consideration. The Calabar bean-plant seems to be closely allied to 

Phaseolus, and it has also many characters in common with Vigna, Dolichos, and 

Lablab, all of which genera belong to the tribe Huphaseolee of BentHAM. The 

legumes which were given to me by Mr Baruuie and by Mr Hewan have an 

apparent resemblance to those of Mucuna. This induced Mr Murray, in a com- 
munication to the Botanical Society, to refer the plant to this genus, under the 

name of Jucuna venenosum. Mr Murray was confirmed in his opinion by the 

character of the seeds. He had not seen the flowers. 

The character by which the plant seems to be specially characterised is the stigma, 

which has a remarkable crescentic or hooded appendage (Plate XVL., figs. 6 and 7). 

On this account I have proposed to call the genus Physostigma, from gueée, to 

inflate, and ora, applied to the upper part of the style. It will be placed close 

to Phaseolus, from which it differs in the stigma, and in the long grooved hilum 

of the seed. In the last character it approaches Mucuna. The spirally twisted 

carina and style of Phaseolus does not occur in Physostigma. To the species I 

have given the name of venenosum, in allusion to its poisonous qualities. I trans- 

mitted specimens of the flower to my friend and former pupil Dr THomas ANDER- 

son, of her Majesty’s Indian Service, who is now engaged in examining the Indian 

Acanthacee in the Hookerian Herbarium at Kew. He kindly examined the speci- 

mens, and compared them with the allied plants in the herbarium. He informs 
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me,—‘“ I have dissected the flower, and compared it with numerous drawings 

and descriptions of Phaseolus and Lablab, both of which genera I knew well 

in India. The flowers of your plant are, as you remark, quite phaseoloid; but 

then the seed is different from any known seed of that genus. The seed, with 

its elongated sulcated hilum, is very close to that of Mucuna, but the characters 

of the flower and pod remove it from that genus. Were the carina and pistil not 

so completely Phaseolus, it would otherwise, and especially in its nodose inflo- 

rescence, come near to Lablab. As it is, I cannot see how one can help making 

a new genus of it.”’ 

The flowers were subsequently shown by Dr ANDERSON to Mr BenTHAM, who 

is the chief authority in regard to Leguminose ; and in a subsequent letter Dr 

ANDERSON says:—“ Mr Bentuam desires me to tell you that the plant is very 

near Canavalia in the long hilum and the calyx, and very near Phaseolus in the 

flower generally, except in the stigma.” The following is the description of the 

genus. The characters are illustrated by excellent drawings (Plates XVI. and 

XVII), made, with his usual botanical accuracy, by Dr GrEvVILLE, from specimens 

and careful dissections supplied by me :— 

Nat. order, Leguminose ; Sub-order, Papilionacee; Tribe, Euphaseolew. 

PHYSOSTIGMA VENENOSUM; Ordeal Bean of Calabar. 

Gen. CHar.—Calyx campanulatus, apice quadrifidus, laciniis brevibus, lacinia 

suprema bifida. Corolla crescentiformis, papilionacea ; vexillum recurvum, apice 
bilobatum, basi angustatum, margine utroque auriculatum, membrana inflexa 

auctum, medio longitudinaliter bicallosum ; alae obovato-oblongve, liberze, supra 

carinam conniventes, versus basin appendiculatze, curve; carina vexillum zequans, 

apice rostratum, rostro multum incurvo.. Stamina decem, diadelpha, filamento 

vexillari libero, supra basin appendiculato. Discus vaginifer. Ovarium stipi- 

tatum, 2-3-ovulatum. Stylus cum carina tortus, infra stigma subtus barbatus ; 

stigma obtusum, cucullo cavo oblique tectum. Legumen dehiscens, oligospermum, 

elliptico-oblongum, subcompressum, extus rugosum, endocarpium intus tela laxa 

cellulari tectum, isthmis cellulosis inter semina. Semina strophiolata, hemis- 

pheerico-oblonga hilo late-sulcato semicincta. 

Herbee suffruticosze volubiles in Africa occidentali tropica crescentes: foliis 

pinnatim-trifoliolatis, stipellatis, floribus nodoso-racemosis, purpureis. 

P. venenosum.—The only species of the genus as yet known. 

A large twining plant, turning from right to left. 

Root spreading, with numerous fibrils, often having small succulent white 

tubers attached. Stem about two inches in diameter at its thickest part, some- 

times attaining a length of fifty feet, cylindrical, of a brown-gray colour, rough- 

ish; younger branches of a dark-green colour, thickened at the nodes ; branches 

twisting on themselves and round those in their vicinity; wood of the stem very 

porous, giving out, when cut, a pretty free stream of limpid fluid, which is 
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slightly astringent and acrid; woody bundles arranged in wedges; bark giving 

out a reddish, gummy exudation, which becomes very dark on drying.* Leaves 

alternate, petiolate, stipulate, pinnately-trifoliate; leaflets ovate, acuminate, each 

having a struma, which serves as a short petiolule, and two small, thickened, acute, 

and somewhat falcate stipels; lateral leaflets oblique at the base. Venation reti- 

culated, curved-veined, with a prominent midrib and two less distinct lateral ribs. 

Petioles about three inches in length, rounded on the lower side, grooved on the 

upper, having a pulvinus, with two minute triangular stipules, which are reflexed 

at the margins. Inflorescence axillary on pendulous multifloral racemes; rachis 

of raceme zigzag and knotty; knots rounded, irregular on the surface like 

minute tubers, bearing the pedicellate flowers. Pedicels about a quarter of 

an inch in length, two or three arising from the same nodosity, from which they 

separate by disarticulation ; flowers articulated to the pedicels; at the upper 

part of the pedicel, close to the flower, are two callosities representing bractlets, and 

sometimes a sort of thickened ring. Flowers about an inch in length, half an 

inch across. Calyx campanulate, four-cleft at its apex, the upper division being 

notched, and its segments ciliated; the calyx is thus composed of five united 

sepals, and it assumes a somewhat bilabiate appearance. Corolla papilionaceous, 

beautifully veined, of a pale pink colour, with a purplish tinge (Tomson), when 

preserved in spirits assuming a pale yellowish hue, curved in a crescentic manner. 

Veaillum external, large, completely covering the other parts of the flower in 

zestivation ; bilobate at the apex, which is completely recurved, narrowed at the 

base, with two small projections on each side of the very short claw which is 

furrowed, and has two longitudinal callosities in the middle; basal portion of 

limb of vexillum having rounded lobes, which are turned inwards so as nearly 

to meet. Ale large, more deeply coloured than the other parts of the flower, 

reaching to the edges of the vexillum in bud, obovato-oblong, curved, narrowed 

into a curved hook-like claw, with a projection above it, edges slightly incurved. 

Carina as broad as the alz, and much longer than them, equal in length to the 

vexillum, broad below, prolonged upwards into a narrow sort of rostrum, which 

ends in a blunt apex, and is curved upwards and backwards, so as to form be- 

tween two-thirds and three-fourths of a circle; petals of keel ovate-oblong, with 

triangular acuminate processes projecting from above their base on the inside, 

and with very narrow claws. Stamens ten, diadelphous, nine united by their 

filaments for about two-thirds of their length, vexillary free stamen an inch and 

a quarter long, with an appendage to the filament immediately above its base: 

-staminal sheath swollen below, filaments long, not thickening upwards; anthers 

two-lobed, dehiscing longitudinally. Dzsk at the base of the ovary thickened, 

with a sheath extending upwards over the gynophore. /ivsti/ more than one and 

* For an account of the stem, wood, and bark, I am indebted to notes furnished by the Rev. 
W. C, Tuomson of Old Calabar. 
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a half inch long; ovary stipitate, rough on the surface, not hairy; style curved, 

smooth except below the stigma, where the concavity is covered with a continu- 

ous line of hairs, which give a marked barbate appearance ; stigma blunt, covered 

by a remarkable ventricular sac or hood, which extends along the upper part of 

the convexity of the style.* Ovules two or three attached to the ventral suture 

by a broad process, crescentic in form, with a convex placental edge, and a long 

hilum. Legume in the young state green, and somewhat falciform, afterwards 

becoming dark-brown and straight; sutures slightly prominent, ventral one 

grooved, interior lined with white loose pith-like cellular tissue, in which the 

ovules are embedded, and by which they are separated from each other. Full 

grown legume about seven inches in length, elliptico-oblong, with an apicilar 

curved point, stipitate (stalk about an inch in length), dehiscent, outer integument 

(epicarp) separating from the inner, dark-brown, rugose, marked with anastomosing 

fibres, which run partly in a transverse direction, and partly along the edge of 

the pods. Inner covering (endocarp) of legume pale-coloured and roughish exter- 

nally; ventral suture furrowed. Seeds, two or three, about an inch long, three 

quarters of an inch broad, each weighing from 40 to 50 grains, separated from 

each other by a woolly cellular substance; hilum dark, sulcate, with brown eleva- 

tions on either side, extending along the whole convex placental edge of the seed ; 

other edge nearly straight; cotyledons pale, hypogeal. 

* Mr Tuomson, in a letter to Mr Murray, describes this process in the recent flower as 
“resembling an admiral’s hat set in a jaunty manner.” 

DESCRIPTION OF THE PLATES. 

Prate XVI. 

Physostigma venenosum, Calabar Ordeal Bean. 

Fig. 1. Branch with pinnately-trifoliolate leaves, and nodoso-racemose infloresence, showing also 
entire flowers with persistent calyx and young legume. Fig, 2. Vexillum separated. 
Fig. 3. Ale. Fig. 4. Carina. Fig. 5. Diadelphous stamens. Fig. 6. Upper part of 
style, bearded, and with cucullate stigma. Fig. 7. Upper part of bearded style, with 
stigmatic hood laid open. Fig. 8. Calyx and young legume. Figs. 6, 7, 8, magnified. 

Prate XVII. 

Fig. 1. Young legume of Physostigma venenosum, with three ovules. Fig. 2. Full grown legumes of 
ditto. Fig. 3. Seed of Ordeal Bean seen laterally. Fig. 4. The same, showing the suleate 
and extended hilum on the convex edge. All the figures natural size. 
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eville del T. West, sculp. W. West,imp 

PHYSOSTIGMA VENENOSUM. Calabar Ordeal Bean. 
| 49:1 Branch with pinnately trifoitolate leaves & nodoso-racemose irflorescence,, showing also entire’ 

» ‘lowers, persistent calyx be young pod. fig: 2.Verillum separated. big: 3 Ala. Fig: 4.Carina. Fig:5. 

» Diadeiphous stamens. 11g. 6. Upper part of style bearded, with cucullate sgn Fig. 7 Upper part 

of bearded) style; with stigmatic hood lard operv. Fig: €. Calyx: &young legume figi6.7 £8. magnified, 
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2 del. T. West, saulp. W. West, imp. 

Fig: 1. Young pod of Physostigma’ vererosums, with three ovules. Fi ig: 2. Full grown’ pods of Do. 

iq: 3. Seed or Ordeal Bean seer laterally. fig: 4. The same showing the sulcate’ and exterided 

Filum’ on the convex edge. All the figures natural sixe, 
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X.—On an Unusual Drought in the Lake District in 1859. By Joun Davy, M.D., 

F.R.S. Lond. & Edin., &c. 

: (Read 17th April 1860.) 

In a former communication to the Royal Society of Edinburgh, I gave an 

: account of an unusual fall of rain in the Lake District in the month of January 

last year. That occurrence was followed by its opposite in May, June, and July; 

not for a long period, not since 1826, has the district suffered more from want of 
water than in those months. 

This drought is best shown by the following table, in which will be found the 

rain-fall for the several months of the year at five different places, only a few 
miles remote from each other. The table will also show the remarkable contrast 

as to excess and deficiency of rain during the period. It may be premised, that 

at Ambleside, where the drought appears to have been felt as much as anywhere, 

the ordinary fall of rain for the months in question is about three times as great ; 

thus for May (our driest month of the twelve), taking the average of the preceding 

eleven years, it is 2°37 inches, for June 4°22 inches, for July 5-27 inches, making a 

total of 12°36 inches, against 4°54 inches of the months of drought. 

TABLE I. 

Honite, | avin. — |Meat tows | sick, | High Clam above [Botan 
Inches. a Inches. mee Inches. ee Inches, ne 

January,. .| 6-514 17 14:82 19 11-168 21 10:95 19 

February, .| 4:°022 | 18 G29 22 5214 | 20 6:29 21 

er. | «5617 | 20 | 1032 | 23 | 9:612 |. 21 8-78 | 238 

mo, . .| 3900 | 12 544 | 19) 4868 | 13 b27-41 16 

ei. |  0:123 1 0-55 4 0-206 2 0:23 5 

ee | 2024. | 12 1:91 | 18 | 2-446 9 2°81 | 14 

Messi. «| 1757 8 2:08 | 10 | 2-866 7 2:55 9 

August, . .| 5224 | 10 545 | 12 | 5467 | 12 6-55 | 165 

September, .| 7°343 | 21 11:36 | 20 | 9:346 | 20 11:16 | 22 

October,. .| 2°760 | 12 689 | 14 | 3-834 | 10 4:99 | 14 

November, .| 5:075 | 17 | 10:08 | 16 6595 | 13 8-61 | 17 

December, .| 3:931 | 13 7-039). AGeelmecdot. ae ls 659 | 16 
——————- [——$$_ 

43°290 | 161 84:12 | 181 | 66:883 | 163 75°08 | 191 
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For the Table which follows I am indebted to Mr Samurt MarsHatt of 

Kendal, a gentleman of whose accuracy as an observer I have before made men- 

tion. The results it contains, expressive of the meteorological qualities of most 

importance, are applicable, with certain allowances, to the Lake District generally, 

and more especially as regards atmospheric temperature, and the prevailing 

winds. 

TABLE II, 

Barometer. Thermometer. a es a Hee se 33 E 

Months. g2 ao é 

Maximum.|Minimum.| Mean. |Max.|Min.| Mean. er pasar ne: mie C8 Ae|o 

January, . .| 30:398 | 29-097 | 29853 | 52 | 28 | 40-468 | 46:6 | 58-7 | 40:4 | 391 | 6-514] 17 
February, .| 30°483 | 29-048 | 29°712 | 52 | 273! 40-946 | 53-7 | 34:3 | 40°5 | 39 | 4:022| 18 

March, . .| 30-201 | 28894 | 29-701 | 593| 24 | 44-113 | 63:1 | 39:5 | 43-7 | 41:8 | 5°617| 20: 

April, . .| 30°085 | 29°454 | 29°694 | 683] 24 | 43-416 | 82:3 | 346 | 45°6 | 41-3 | 3-900] 12 

May, . . .| 30-251 | 29°660 | 29-922 | 79 | 29 | 54532 | 104 | 35 | 60 | 54 | 0-:123| 1 

June,. . .| 30:099 | 29°578 | 29°854 | 80 | 39 | 59:216 | 97-3 | 46:8 | 62:3 | 563 | 2-024] 12 

July, . . «| 30:265 | 29°739 | 30-021 | 86 | 41 | 63-468 |104-4 | 49°8 | 66-2 | 601 | 1-757] 8 

August, . .| 30:258 | 29-219 | 29:837 | 83 | 39 | 61-089 | 93-4 | 47-8 | 62-7 | 58:1 | 5224] 10 

September, .| 30°139 | 29-279 | 29-677 | 66 | 35 | 53-733 | 83-6 | 42-4 | 54-4 | 521 | 7-343] 21 

October, . .| 29-965 | 28-936 | 29-566 | 71 | 19 | 48113 | 69-3 | 39°8 | 47-6 | 45°8 | 2-760] 12 

November. .| 30°566 | 28502 | 29-769 | 53}) 22 | 39-541 | 52-3 | 301 | 37-4 | 361 | 5-075| 17 

December, .| 30°459 | 28°756 | 29°552 | 54 | 11 | 33:008 | 31°3 | 30°5 | 38:4 | 23°6 | 3:931] 13° 

ieee, 30:264 | 29180 | 29763 | 67 | 28 | 48.470 | 73-4 | 387 | 49:9 | 45.6 |48-290)161 |S. a 30 

The following Table (No. III.) is given for the purpose of showing the great 

inequality of the fall of rain in different parts of the United Kingdom. For the 

observations from which it is framed, I am chiefly indebted to correspondents. 

Comparing these Tables, it would appear, that whilst one portion of the country 

was suffering from deficiency of rain, other parts of it had rain in excess, and 

both in a remarkable degree; for instance, London and the Lake District. It 

would appear, also, that over the country generally, even where for three months 

a drought prevailed, the yearly fall ofrain exceeded the average. At Seathwaite, 

in the upper part of Borrowdale, according to the observer there, Mr Joun Dixon, 

the excess, in that spot, so remarkable for its rain, exceeded that of the averag ei 

of the last fourteen years by 17 inches. 

Recurring to the drought as experienced in the Lake District,—a district, from 7m 

the nature of its declivities and the quality of its soil, peculiarly apt to suffer 
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TABLE III. 

bog Caton, about four miles 
c 2 east of Lancaster. 2, 

SE Ee i ea he 

Inches.| Inches. | Inches. | Inches. | Inches. | Inches.| Inches. | Inches.| Inches.| Inches. | Inches. 

January, . .| 3°18) 1°16) 0°794 0:310* | 0°'709| 0°72) 4:095| 8-76| 1:86] 5:300| 5:43 

February, . . 2-3) 1:51) 1232) L117 | 1460). 1:48) 2:751 | 5°91) 1-19) 5-327) 38-61 

March, . . .| 2°74] 2°38] 1°331| .1:259 | 2°485| 2°36) 4°709) 11:06| 2°54/ 5-160| 6:16 

mums). «| o 10! 2:47) 2-528 1:379 | 3°'766| 435) 3:208| 530) 2°78] 4487) 3:12 

May, see 1:04] 1°12) 2:214) 1:284 | 0°784|} 037] 0:°222) 0°34] O17) 0:582| 0°55 

June, . - .| 0°59} 3°65] 2°896|) 1°243 | 3:345 3'47| 1°764| 4:24] 2:04) 1-953) 2-21 

July, eae 1:00} 2°61] 2°929) 2°305 | 5°558| 325) 1°854| 3°55] 3°08] 2:5388| 3°46 

August, . . .| 3°40). 3°53| 2°652| 1:638 | 3:957| 4:20 3°742| 4°66] 0°67| 2:858| 3:46 

September, . .| 4°42/ 3:98| 4039] 2:103 | 3-434] 3°88) 5°558| 9°97) 1:35| 4867| 4-76 

October,. . .| 5°34] 3°73) 2°496| 3°746*| 2°777| 319) 2603] 5°36) 3:04] 6:062|) 2°64 

November, . .| 3°62) 4°33} 2°930] 0°864 | 2:053| 3:02) 3°494| 917| 248] 3:243) 3:08 

December, . .| 828] 4°49] 2°248) 0:070 | 2°879| 2°71) 4:332| 5°98| 1-44] 2-415) 4:06 

39°01| 34:96 |28-289| 17°818* |33°207 | 33°50 |38°330 | 74°30) 22°64 |44:742 | 42°53 

* It is stated that the rain-gauge was out of order during part of January and part of November, and that, to make 
up the deficiency, about 5 inches, it is estimated, should be added, making a total of about 23 inches for the year. 

from any deficiency of rain,—its effects were witnessed not only in a failure of 

most of the springs and a want of water distressingly felt by the inhabitants, but 

also on vegetation; those plants requiring moisture, suffering; those benefited 

by warmth and dryness—the comparative few—flourishing. The crop of small 

fruits, such as the gooseberry, currant, strawberry, was unusually scanty and 

poor; that of mushrooms, and of other fungi,* was unusually abundant. The 

‘same in regard to flowers; the lavender flowered in fine profusion; roses the con- 

trary, and with a very small growth of wood. The drought took effect severely 

on the grasses; the hay-grass, the great crop of this pastoral district, was only 

about one-third an average one. Animals, I need hardly remark, were not 

exempt from its influence; some insects were unusually abundant and trouble- | 

some; others the opposite. During the dry months, our valley was almost 

deserted by the swallows. 

* The common mushroom, Agaricus campestris, was so abundant, that in the Lancaster market it 

was sold at a penny a quart, about four or five times cheaper than usual : it was met with, too, in places 
where, it is said, it had never before been found. Of wild flowering plants, the common harebell, 
‘Campanula rotundifolia, was unusually plentiful, and in many spots where I had never seen it 
before. 
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The weather which followed this drought was also abnormal. Snow accom- 

panied with frost fell in October ;* and this before many of the trees had acquired 

their autumnal tints. Moreover, the winter months, up indeed to the present 

time, have been remarkable for uncommon vicissitudes of temperature, for fre- 

quent snow-storms—the snow lying much longer than ordinary—and for severe 

gales, some of these almost hurricanes, accompanied with sudden and great fluc- 

tuations of the barometer. 

Lesketu How, AmBirsipn, March 22, 1860. 

Postscript. 

The loss of stock amongst the farmers in the Lake District, the consequence 
of the drought and the inclement winter which followed it up to the pre- 

sent time has been great, and it has continued increasing. In the Ken- 
dal Mercury of the 7th April there is an account of it, so descriptive, and, as 
I believe, truthful, that Iam induced to transcribe it. It is headed, “ Dreadful 

mortality amongst the mountain sheep in Westmoreland.” “In our last week’s 

impression” (it proceeds), “ we noticed the snow-storm that fell on the hills and 

valleys in Westmoreland, on Saturday morning the 25th ult., and that a vast 

number of sheep, not only on the hills, but on the low grounds, were buried 

beneath the snow, and that in consequence of a large quantity of rain falling 

along and at intervals during the storm, the worst fears were entertained for the 

* Mr Samuet MarsHatt, in his summary of Meteorological observations for this month, remarks, 
‘On the morning of the 21st October we had the first frost this season, and on the following one 
the first snow, and the next a heavier fall still. The thermometer has not been below the freezing 
point since the 9th May till the 21st October, or more than five months.” A very unusual degree 
of cold, about the same time, was observed elsewhere. Mr Lowe in a note of the 23d of October, 
from Highfield House Observatory, headed ‘‘ Great Cold,” published in the Evening Mail, says, “ It is 
scarcely three weeks since I had to announce a degree of heat greater than had been known to have 
occurred in October (viz., 77°'5), and now the same has to be said with regard to the intense cold of 
the past two nights. Yesterday the minimum temperature was 237-5, and this morning it fell to 
22°-4; previously 24°°6 was the greatest cold that had been registered here.” It was curious to 
observe the aspect of plants at this time;—the foliage of many trees, such as the sycamore and the 
ash, their leaves still green, were shrivelled and curled by the frost, so that their under surface was 
conspicuous, whilst the roses, the China variety still in flower, were weighed down by snow. The 
effect of the severity of the winter as to cold was not less strongly marked on vegetation than the 
summer drought; some of the hardier plants were killed, for instance the Russian violet, which 
during the preceding winter had flowered uninterruptedly; and yet, even the shallower lakes, such 
as Rydal Mere, were frozen over, so as to allow of skating, only for two or three days, and this only 
once, so rapid were the changes of temperature from a low degree, as 12° to 15° and 20° to 
34°—40°; it was rarely higher. And, as the mildness of last winter was shown by a forward vegeta- 
tion, so the severity of the last and the protracted low temperature have been indicated by the oppo- 
site this year; now, on the 21st of March, the flower-buds of the Ribes sanguinewm have only just 
begun to unfold, and not a leaf-bud of the sweetbrier has yet opened. 
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safety of the sheep; and we are sorry to say that those fears have been realised 

to an alarming extent. The snow was nearly all washed from the grounds by 

the rains which fell during the succeeding week, and then the shepherds began 

to have some idea of the destruction amongst their flocks, and it was truly fear- 
ful. On Saturday last, one skinner in Kendal received no less than 250 skins 

from the neighbourhood of Shap, and other skinners in this town had an almost 

fabulous number. Cartloads of skins were also forwarded on Saturday to Pen- 

rith, and other towns and villages in the neighbourhood of the hills; and they 

still, nearly daily, keep arriving here from the fells. On Wednesday last, 100 

skins arrived from one farm, and it was some time before the owner could dispose 

of them, as the skinners had so large a number still unpulled that were rotting 

and becoming putrid in their skinneries. The sheep, whose skins are now 

brought in, have not all perished in the snow-storm, but they were so weak and 

emaciated from the long winter, and hunger, and cold, that they reeled about, and 

then tottered, fell, and died by scores together. It is said that one-half of the 

sheep in the parish of Bampton have perished, and that Mr T. Mounsey, in that 

parish, has lost 500, and Mr T. Assort, of Thornthwaite Hall, near Shap, counts 

up his loss to more than 1200 head. Indeed, the loss has been fearful all along 

the Lake Mountains, and the range of hills extending from Coniston Old Man to 

Stainmore. From Coniston, Hawkshead, Ambleside, Troutbeck, Kentmere, 

Longsleddale, Selside, Shap, Bampton, Crosby, Ravensworth, Ravenstonedale, 

Kirby Stephen, Garsdale, Hawes, Wensleydale, and Dent, the loss has been great. 

and the flocks are very weak and sickly, and large numbers are daily dying. 

Never, in the memory of the oldest shepherd on the hills of Westmoreland, can be 

remembered so fearful a mortality amongst the mountain sheep, and great fears 

are entertained that it has not yet reached its highest pitch.” These fears, I 

regret to add, are too likely to be realised; on this 9th of April there has been 

another fall of snow, succeeding a fall of rain of 1:15 inch in the twenty-four 

hours; this morning, not only were the hills covered with snow, but even the 

lower dales. Since April last year, that month included, I find recorded here 

thirteen falls of snow, in some instances mixed with sleet and rain, the whole 

equal to, that is, yielding when thawed, 6:9 inches of water. Now, supposing it 

to have been all snow, as it probably was on the higher fells, the total depth of 

snow there, if accumulated, would be little short of 83 inches.* Itis remarkable 

that from the 23d of October, when snow first fell, up to the present time, some 

of the higher hills have not been free from snow. 

Incidents, catastrophes, such as have been described above, in connection with 

* Of course, according to the quality of the snow, the proportion of water it will yield when 
thawed must vary; in one instance, when the depth of snow was 6°5 inches, the water from it 
measured °54 inch; in another instance, when its depth was 4:5 inches, the water it yielded was 
‘47 inch, The snow was collected in the funnel of the rain-gauge; its depth was tried where it had 
not drifted. 
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adverse seasons, and resulting in scarcity of food and an excessive mortality, seem 

specially deserving of attention, being equally applicable to the human race—e. ., 

our army in the Crimea, during the first winter, under the same circumstances— 

and to brute animals, and may help to account for the extinction of races or 

species. 

Lesxetu How, Ampuesipu, April 9, 1860. 
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XI.— Upon the Thyroid Glands in the Cetacea, with Observations on the Relations 

of the Thymus to the Thyroid in these and certain other Mammals. By W1Lu1AM 

Turner, M.B. (Lond.), Senior Demonstrator of Anatomy, University of Edin- 

burgh. 

(Read 2d April 1860.) 

In the writings of comparative anatomists, considerable difference of opinion is 

expressed respecting the position and relations of the thyroid gland in the Cetacea, 

and some authorities even have asserted that it does not exist in these Mammalia. 

JoHN Hunter states* that he has examined several porpoises, baleenze, and 

other cetacea, yet “ could not observe anything like a thyroid gland.” 

MEcKELft believed that he found, in a foetal porpoise (D. phocena), eight inches 

long, a thyroid gland. He describes it as half an inch broad, two lines thick 

and high, and of equal depth and thickness both on the middle and sides of the 

air-tube, in the same position as that in which the gland is found in other mam- 

mals. From this examination, however, of so young a foetus, he does not feel 

disposed to affirm that, contrary to the opinion of HunTrn, it exists in full grown 

cetacea. In a subsequent paper? he mentions incidentally, that in the dolphins 

the gland is formed of two quite separate lobes. Cuvrer§ states that he has 

found the gland very distinct in many dolphins and porpoises. In these animals 

it was divided into two parts, and suspended from the trachea opposite the upper 

border of the sternum, and some distance from the larynx. Carvus|| describes the 

gland in the dolphin and porpoise as consisting of two parts, entirely separate from 

each other. It is difficult to say, however, from the text, whether he is giving the 

result of his own observations, or simply adopting those of Cuvier. Dr Martyn 

repeats the statement that the cetacea do not possess a thyroid, and he ascribes 

the supposed absence of the voice in these animals to the want of this glandular 

structure. 

As I have had, during the last three years, opportunities of dissecting three 

porpoises, and as I have found in them appearances differing from those which I 

have quoted from the above authorities, I am induced to offer the following 

description of my observations. The animals were specimens of the common 

* On the Structure and Economy of Whales. Philosophical Transactions, 1787. 

+ Abhandlungen aus der Menschlichen und Vergleichenden Anatomie und Physiologie. Halle, 
1806. 

t Beytrage zur Vergleichenden Anatomie, 1811. 
§ Anatomie Comparée, vol. vill. 
|| Traité Elementaire d’ Anatomie Comparée, vol. ii. 
{ Proceedings of the Royal Society of London, 1857. 
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porpoise (Phoccena communis), one was a foetus, twelve inches long; another was 

a well-grown male, three feet ten inches long; the third being a full grown male, 

between five and six feet in length. 

On removing in each of these animals the large sterno-hyoid and smaller 

sterno-thyroid muscles, a distinct and well-defined glandular mass was seen 

lying on the anterior and lateral surfaces of the trachea at its upper end, and 

extending slightly upwards on each side over the outer surface of the cricoid 

cartilage. Its position thus closely corresponded with that of the thyroid gland in 

other mammalia. Instead, however, of being divided into two distinct lateral 

lobes, as described by Cuvier and Carus, the gland consisted of a single uniform 

mass, which in the adult animal was two inches long, extending across the middle 

line, and closely fitting both to the front and sides of the trachea. The median 

portion of the gland can hardly be described as an intervening isthmus, for in its 

supero-inferior diameter it equalled that of the lateral portion. This, in the 

adult animal, was three-fourths of an inch, in the foetus, one-fourth. 

In the full grown specimen (which was examined in the fresh state, the other 

specimens having been for some time in spirits), the gland presented a dark 

purple tint, and a soft and somewhat succulent aspect. At the upper end of 

each lateral portion, but separated from it by a slight interval, a glandular mass 

about the size of a small nut was found, apparently an accessory thyroid. In 

this respect the gland corresponded in its arrangement to one which is occa- 
sionally found in the human subject. 

In the smaller adult porpoise, in the interval between the two crico-thyroid 

muscles, and almost concealed by the plates of the cricoid cartilage, a small 

glandular mass was situated. It had the same colour as the thyroid; but 

presented more evident indications of being divided into distinct lobes. It was 
in contact by its deep surface with the crico-thyroid membrane. It must, I 

think, be regarded as an isolated portion of the thymus. 

In the foetal porpoise, a long and slender glandular process extended from the 

inferior margin of the median part of the thyroid, downwards along the anterior 

surface of the trachea, and behind the heart and pericardium, into the posterior 

mediastinum. This must also be looked upon as a part of the thymus. 
Both in the foetal and smaller adult porpoise, the thymus gland was exceed- 

ingly well developed. As the thymus closely corresponds in its structure to the _ 

thyroid, and as the relations of the two glands are extremely interesting in a 

developmental point of view, I purpose, in the next place, describing the general 
disposition and arrangement of the thymus in these animals. 

This gland was exposed by cutting through the sterno-hyoid and thyroid muscles, 

and by turning on one side the upper end of the sternum. It was composed of two 
large lateral lobes, separated from each other by a thin layer of cellular tissue. 

These lobes, of a conical form, were situated for the most part behind the first 
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bone of the sternum, and immediately in front of the upper end of the peri- 

eardium. Their apices projected above the sternum into the lower part of the 

neck, lying in front of the trachea, and extending upwards almost as far as the 

lower margin of the median portion of the thyroid gland, from which they were 

separated by the innominate vein. From each of these lobes a long process of 

The Thyroid and Thymus Glands of the well-grown male porpoise, About one-third the natural size. 
The relation of these glands to the wind-pipe, the pericardium, and to each other, is represented. 

glandular tissue extended deeply between the structures situated at the root of 

the neck. That from the right lobe passed in front of the trachea, being in close 

contact with the anterior surface of that tube, to the left side, where it became 

connected to the deep process from the left lateral lobe. This transverse com- 

municating portion extended behind the arch of the aorta, so that this vessel, 

with its ascending carotid branches, was situated between the deeper and more 

superficial parts of the gland. Connected with the upper margin of the deep 

process from each lateral lobe was an elongated portion, which extended upwards 

on each side of the neck as far as the thyroid cartilage, being in close relation 

with the carotid vessels. These ascending prolongations of the thymus were thus 

brought into intimate relation with the lateral portions of the thyroid, so that 

at first it appeared as if they formed a common glandular mass with them. On 

a closer examination, it was found that they were not continuous, but intimately 

connected together by a little cellular tissue, on dividing which, the two glands 

could be separated from each other, without effecting any injury to their proper 

structure. 

On referring to that part of Mr Sron’s essay,* which treats of the com- 

* Physiological Essay on the Thymus Gland, 1845. 
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parative anatomy of the thymus, I find that he gives an account of a dissection of 

this gland, which he made in a foetal dolphin. He describes in this cetacean a 

pericardiac portion of the gland, from which long ascending processes proceed, 

which extend upwards in close contiguity with the vertebree, as high as the level 

of the upper part of the trachea, and then bending inwards in front of that tube, 

so as to join in the middle line. The figure which he appends, illustrating this 

description, closely corresponds with the appearances I have seen both in the foetal 

porpoise and in the smaller well-grown animal. I cannot, however, agree with Mr 

SIMON in considering this median tracheal portion as forming a part of the thymus. 

I am disposed to regard it as the thyroid, and as such I have described it in the 

former part of this paper. My reasons for doing so are the following :—It is situ- 

ated exactly in the position of the thyroid gland; it possesses a perfect continuity 

of gland-structure from side to side, so that it does not present the same subdivision 

into lobes which is characteristic of the thymus; its capsule is much more adherent 

than that of the thymus, and it can be separated from the ascending processes of 

the pericardiac portion of the thymus by carefully removing the thin layer of 

cellular tissue which connects it with them. Moreover, there is no other structure, 

either on the front or sides of the trachea and larynx, which can be looked upon 

as constituting a thyroid gland in these mammalia, if this is not regarded as 

such.* 

The persistence of the thymus gland in an animal so well grown as this por- 

poise is a fact of considerable interest, especially if we take into consideration its 

large size. That it was in a condition perfectly capable of performing its func- 

tions, and not merely a collection of fat-cells, as is generally the case where the 

gland in the human subject apparently persists for some years after birth, I was 

enabled to prove by a microscopic examination. On submitting a portion of the 

gland to a magnifying power of 200 diameters, I found it to consist of lobularly 

arranged masses of small closely-packed corpuscles, about the size of, and a 

little larger than, the red corpuscles of the human blood, presenting, in fact, a 

structure exactly similar to that with which we are familiar in the foetal gland. 

We are furnished by this illustration with additional evidence of the fact, so 

especially insisted on by Havesrep and Sron, that the thymus gland is not 

merely a foetal structure, but that it plays an important part in, the animal 

economy for some time after birth. As I had an opportunity of comparing it at 

the same time with the gland in the foetal porpoise, there could be no doubt that 

it had grown considerably after birth, and apparently in a ratio closely corre- 

sponding with that of the growth of the animal. 

* Since this paper was read to the Society, I have dissected the neck of a fetal Dolphin, pro- 
bably the young of a bottle-nose (D. Tursio). This dissection confirms the opinion I had arrived at 
and stated in the text, viz., that the glandular structure in front of the upper part of the trachea in 
the genus Delphinus is the thyroid, and not merely a part of the thymus. 
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The close connection which I have now shown to exist between the thymus 

and thyroid glands in these porpoises, strongly indicates that they most probably 

have originated in a common structure. This view of the common origin of 

these elands was prominently announced by Professor Goopsir, in a paper in 

the Philosophical Transactions,* published many years ago. His investigations 

were conducted on the embryoes of sheep. He describes these glands as, together 

with the supra-renal bodies, developed from the remains of the blastodermic 

membrane extending along each side of the spine, from the Wolffian bodies to the 

base of the cranium,—a separation taking place between them in the process of 

development. 

The porpoise is not, however, the only mammal in which, in the non-foetal 

state, a connection may be seen to exist between the thymus and thyroid 

bodies. 

In a fine specimen of an adult male Hartebeest (Bubalus caama), in which I 
dissected some time ago these glands, I found the lateral lobes of the thyroid 
entirely separated from each other, and lying on the sides of the upper end 
of the trachea. Connected with the lower part of each of these lobes was a 
long slender process of gland substance, which descended 

along the sides and front of the trachea, until it reached the 

fourteenth ring, when the processes from each side became 

connected together. At this spot they united with another 

slender process of a similar structure, which descended from 

the sides of the larynx. The common gland-mass, formed 

by the union of these processes, now passed down the front 

of the trachea, and beneath the sternum, into the anterior 

mediastinum, undergoing, immediately above the sternum, a 

considerable augmentation in size. That portion of the struc- 

ture which was situated at the upper part of the trachea 

received its supply of blood from the arteries which supplied 

the thyroid gland. On examining this glandular substance 

microscopically, | found it to correspond in structure with 

the thymus gland, for it was essentially composed of numer- 

ous small circular corpuscles. Its structure and position 

warrant us in regarding it as a persistent thymus, and its 

close relation to the thyroid points to the conclusion that it | 

has been developed along with it. et coe Re 
In a dissection which I recently made of the thymus and 2 the Thyroid and of the 

slender processes of the 

thyroid in the Nylghau (Antilope picta), 1 obtained several pertinence hee 

very interesting facts connected with these glands. The _ size. 

animal which I examined was presented to the Anatomical Museum of the 

* On the Supra-renal, Thymus, and Thyroid bodies, 1846. 
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University by the Marquis of BreapaLBane. It was a very large example 

of an adult male, its proportions exceeding in every direction those given 

by Dr Witttam Hunter, in his description of the Nylghau.* The thyroid gland 

was exposed in the usual way. It was found to consist of two entirely dis- 

tinet lateral halves. Each half was seated quite at the posterior part of the 

side of the air-tube, the upper end being in relation with the outer surface of 

the cricoid cartilage, the lower end reaching to the side of the fourth tracheal 

ring. The two lobes were thus separated from each other by the entire width 

of the trachea. The lobes, wide at their upper ends, gradually became narrower 

as they extended down the side of the trachea, until they terminated below 

in an almost pointed extremity. Branches from the great artery of the neck 

passed both to the upper and lower ends of each lobe. On the anterior sur- 

face of the trachea, as well as on the crico-thyroid membrane, in the interval 

between the lobes of the thyroid, scattered lobules of glandular tissue of a slightly 

reddish tint were seen. These were not connected with the thyroid, but were 

lying in the cellular tissue between its lobes. Extending for some distance down 

the front of the trachea, scattered lobules of a similar glandular substance were 

found, separated from each other by varying intervals. About thirteen inches 

above the sternum the gland-lobules became much more closely connected together. 

and formed two long lines of glandular tissue which extended downwards on the 

front of the trachea. Immediately above the sternum they became wider, and, in 

this manner, passed beneath that bone for a short distance, lying in front of the 

great blood-vessels. Small arteries derived from the carotid trunk passed to this 

long line of gland-substance. This gland, from its position, was evidently the 

thymus, the lobules of which, closely aggregated together below, were separated 

from each other by varying intervals at the upper part of the trachea, some even 

extending as high as the crico-thyroid membrane. It was thus brought into 

close relation to, although not actually in contact with, the thyroid. 

A microscopic examination satisfied me that it was the thymus,—the great 

bulk of the gland being composed of collections of small colourless corpuscles, 

about the size of, or a little larger than, the red corpuscles of human blood, arranged 

in a distinctly lobular manner. In some parts of the gland were scattered about 

highly refracting globular particles of varying size, probably fat. They presented 

a more granular aspect than is usual with oil-globules. Lying here and there in 

the connective tissue between the lobules of the gland were numerous crystals, 

sometimes ageregated together in irregular masses, at others arranged in lines, 

and in some cases scattered about in an indefinite manner. These crystals were 

all of a prismatic shape, many of them distinctly three-sided, presenting a close 

resemblance to the crystals of the ammoniaco-magnesian phosphate occasionally 

* Philosophical Transactions, 1771. 
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met with as a urinary deposit. They were soluble in acetic acid without effer- 

vescence. The existence of crystals scattered freely about in the cellular tissue 

of the animal body is, so far as my observation extends, a fact of very unusual 

occurrence. From the position and microscopic character of this gland, there 

could be no doubt that it was the thymus. 

The evidence that we have now obtained, both by the dissection of this Nylghau 

and the Hartebeest, shows us, that in these Antilopidee the thymus is a per- 

manent gland; for there could be no question but that both these animals had 

reached the adult period of life, and even acquired a considerable age,—their large 

size, and the worn appearance of the teeth, rendered this sufficiently manifest. 

So far, then, as regards these animals, the thymus must be looked upon as possess- 

ing a more enduring function than has hitherto been ascribed to it in the economy, 

—not disappearing, or altogether degenerating, in the early period of extra-uterine 

life, but persisting, even in the adult animal, probably throughout its entire 

existence. 

In conclusion, I may state that I have seen in the human subject indications 

of a close connection between the thymus and thyroid glands. I have notes 

of an examination which I made of a child between two and three months old, 

in which long ascending processes passed upwards from the lobes of the 

thymus, in front of, and to the sides of, the trachea, as high as the lateral lobes 

of the thyroid gland, with which they were closely connected by cellular tissue. 

Each of these ascending processes received a branch from the inferior thyroid 

artery. This case furnishes us with an example of the thymus receiving 

a considerable portion of its vascular supply from the artery of the thyroid. 

The converse of this, viz., the thyroid obtaining a large share of blood from the 

artery of the thymus, may also occasionally be seen. In a subject in the dissect- 

ing-room, I observed the internal mammary artery, which may be regarded as the 

great thymic trunk, give off a large branch, which ascended, on the right side of 

the trachea, to the right lateral lobe of the thyroid gland. 
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XII.—On the Climate of Edinburgh for Fifty-six years, from 1795 to 1850, deduced 

principally from Mr Adie’s Observations ; with an Account of other and Earlier 

Registers. By James D. Forses, D.C.L., F.R.S., Sec. R.S. Ed., Professor of 

Natural Philosophy in the University of Edinburgh. (With two Plates, XVIII. 

and XIX, 
(Read 5th March 1860.) 

§ 1, Early Observations. § 5. Succession of Seasons, 1795 to 
§ 2. Mr Adie’s Observations, 1850. 
§ 3. Annual and Monthly Mean Tem- § 6. On the Annual Curve. 

peratures. § 7. Influence of Seasons on the Price 
§ 4. Fall of Rain. of Corn. 

1. The late Mr ALEXANDER ADIE, optician, and Fellow of the Royal Society of 

Edinburgh,* was so generally known to be a zealous and careful observer of 

meteorological instruments, that an attempt to combine the results deducible from 

his labours carried on (though with one long break) over more than forty years, 

cannot be otherwise than interesting. 

2. The plan of superintending the careful reduction of the thermometrical part 

of Mr Apir’s registers occurred to me a long time ago, but circumstances prevented 

the execution of it until two or three years since, when, through the kindness of Mr 

Avie and his family, the whole of the manuscript observations, commencing with 

1795, were put into my hands, and the Council of the Royal Society of Edinburgh 

provided sufficient funds for the employment of computers for reducing them. 

3. The work has proceeded with frequent interruptions, but is at length com- 

plete. Before I proceed to detail the particulars of the reductions and their 

results, I will give a short account of the earlier observations on the climate of 

Edinburgh which I have been able to trace, some of which. perhaps have hitherto 

escaped notice. 

Sect. 1. On the Earlier Recorded Observations on the Climate of Edinburgh. 

4. [have been fortunate enough to discover an old printed Register of Meteoro- 

logical Observations at Edinburgh, extending from June 1731 to May 1736. It 

is contained in five successive volumes of “Medical Essays and Observations 

published by a Society in Edinburgh,” which reached a third edition in 1748, and 

it is the one from which I quote. 

5. This register appears to have been made with remarkable care, ndd most 

likely by one observer, and in the same locality, for the above-mentioned period, 

and probably longer, as I judge from the mention of it in Martine’s Essays.+ 

* Some account of Mr Aniz’s personal history and labours will be found in the Vice-President’s 
Address for the Session 1859-60 (Proceedings of the Royal Society of Edinburgh, vol. iv. pp. 225-27.) 

¢ Essays and Observations on the Construction and Graduation of Thermometers by GrorcE 
Martine, M.D., 2d edit, 1772, p. 48. 
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The Observatory was situated in the town of Edinburgh, about 270 feet above the 
sea.* The thermometer was sheltered by a case well perforated with holes to 
admit the air. It was filled with alcohol, and graduated, not, as now, into 
degrees, but into inches and tenths. But the reference to Fahrenheit’s scale 
becomes easy, since we are told (p. 7), that “the freezing point is at 8 inches 
2 tenths; and the heat of a man in health raises the spirits to 22 inches 
2 tenths.” The former point of course corresponds to 32° Fahr.; the latter was 

found by Dr Martine to be 97° Fahr. by actual experiment on the person who 

graduated the Edinburgh thermometer.{ Hence it is easy to form a table for 

reducing the “Edinburgh Scale” to Fahrenheit’s: but it may be sufficient to 

adopt a reduction which is to be found already made at page xiv. of the prelimi- 

nary matter to the third volume of “ Essays of the Philosophical Society in Edin- 

burgh,” published in 1771. The observations there tabulated are evidently iden- 

tical with the observations already described, although these are not there 

directly referred to. It would also appear that blood-heat was reckoned at 96° 

instead of 97°, as I find by comparing the numbers in the “ Medical Essays” with 

those of the Philosophical Society. If we assume (as is reasonable) MartInE to be 

correct, the numbers in the foregoing tables ought to be slightly raised ; but for the 

mean annual temperature the difference would be less than a quarter of a degree. 

6. Lregret that it is not in my power to throw any light on the name of the per- 

son by whom these records were made; but he was in all probability a medical man. 

7. I ought to add that the barometer, hygrometer, wind, weather, and amount 

of rain, are all carefully entered. The observations were almost invariably made 

twice a-day, the first nearly always at 9 a.m., the second at an hour (usually be- 

tween two and six) which varied with the season of the year. . 

8. Confining our attention to the thermometrical observations, they require a 

correction for the varying hour at which the afternoon observations were made at 

different seasons of the year. Taking a sort of average, I have applied the follow- 

ing tabular corrections to the reduced observations as given in the “ Essays of the 

Philosophical Society” above referred to. The second line contains the reductions 

for the observations made in 1764-70, which will be immediately referred to :— 

Years. Jan. | Feb. | Mar, | April.| May. Baas. Gh. Aug. | Sept. | Oct. | Nov. | Dec. 

—1:3]-1:9|]—1:1|/—1:8}—0°8 | -—0°5|—0°2 WOA=GOs, aeccwacesoorensces —0°3 nee mae —-21|-17 

+11 ed aaa +1°5)+10/4+1°0)/405 AGA Op oeccncenscusoses +09 ay: $22/41-4 

9. The earlier of these series of observations, it is to be observed, was adapted 

to the Julian, or old style. These tabular corrections are taken from M. Dovr’s 

reductions of the Leith hourly observations.§ 

* Medical Essays, i. p. 6.—Most likely in the neighbourhood of the present Royal Exchange. 
je Lbidi pasar { Marrtine’s Hssays, p. 48. § British Association Reports for 1847. 
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10. The next observations we find recorded are in the same volume (the third) 

of the “Essays of the Philosophical Society in Edinburgh” from which I have 

already quoted. They embrace the years 1764 to 1770 inclusive, and consist of 

two sets, one made at Hawkhill, situated between Edinburgh and Leith, at 103 feet 

above the sea, the other at Edinburgh itself. If we assume that the latter set was 

made in the same locality as the observations of 1732-36, the height above the 

Hawkhill Observatory would be 167 feet. Both sets were made uniformly at the 

hour of 8 a.M., and a correction has been applied to the monthly means to reduce 

them to the average, to the extent indicated in Art. 8. The Hawkhill observa- 

tions were continued at least until 1776 by Mr Maccoway, and the results are 

contained in the first volume of the “ Edinburgh Transactions,” page 333. They 

are also included in this Table, with the same correction for the hour of obser- 

vation (8 A.M.) 

EDINBURGH (reduced). 

Jan. Feb. Mar. | April. | May. | June. | July. | Aug. |. Sept. | Oct. Nov. | Dec. | Year. 

-1732 | 34:4 | 41°5 | 41:0 | 41°38 | 48°6 | 57-7 | 5671 | 54:2 | 48:5 | 44:4 | 386°5 | 35:9 | 45-0 
1733 | 381 | 39:3 | 388 | 45:4 | 50°9 | 581 | 59:3 | 53°7 | 48-5 | 43°5 | 43:4 | 43:2 | 468 
1734 | 344 | 42-0 | 44-2 | 48:2 | 48:1 | 56:3 | 5771 | 542 | 476 | 40°8 | 86:5 | 35:9 | 45°4 
1735 | 36°3 | 35:1 | 38°38 | 43°6 | 48:1 | 54°9 | 57°5 | 56°5 | 47°6 | 43°1 | 42:0 | 38:2 | 45:1 

1764 | 34-6 | 35°4 | 40°3 | 45:0 | 53:5 | 55:9 | 60°0 | 57°5 | 51°9 | 46°6 | 40°2 | 36-7 | 46:5 
1765 | 40°9 | 34:5 | 409 | 45-7 | 49°4 | 533 | 57-5 | 566 | 541 | 47-0 | 41:2 | 37-6 | 46°5 
1766 | 38:1 | 31-1 | 38:7 | 46:1 | 46°3 | 55:7 | 59°3 | 59°5 | 46:9 | 46-4 | 43-7 | 37:9 | 45°8 

tyor | ol:2 | 41:3 | 39:2 | 42:6 | 47-1 | 52°9 | 55:7 | 57-8 | 55:2 | 45:5 | 42°5 | 37-6 | 45-7 
1768 | 33:2 | 37-8 | 38°6 | 46:2 | 50:0 | 54:2 | 57-9 | 57°5 | 50°8 | 42°6 | 38°8 | 37:5 | 45-4 
1769 | 33°8 | 35°2 | 406 | 45:2 | 49:0 | 53:2 | 59:0 | 55:4 | 53:3 | 45°2 | 39:2 | 37°38 | 45-6 
1770 | 37°1 | 38°83 | 34:4 | 40°6 | 46-1 | 52°4 | 55:7 | 57-2 | 53-6 | 44:0 | 37:3 | 34:9 | 44:3 

Mean of 11 years, 45°64 

HAWKUHILL (reduced). 

Jan. Feb. Mar. | April. | May. | June. | July. | Aug. | Sept. Oct. Nov. Dec. | Year. 

1764 | 366 | 386 | 40:0 | 463 | 543 | 57°5 | 61:4 | 59:0 | 526 | 47°3 | 39:2 | 36-2 | 47-4 
1765 | 401 | 33°5 | 41:3 | 468 | 54:0 | 556 | 6071 | 581 | 53°3 | 48:0 | 87:9 | 35:°7 | 47-0 
1766 | 35:0 | 351 | 394 | 481 | 47-9 | 559 | 606 | 60°9 | 53:2 | 474 | 43-8 | 87°38 | 47-1 
1767 | 32:0 | 41°7 | 40°2 | 47-1 | 50°8 | 55:0 | 58-1 | 61:2 | 56:2 | 46:5 | 43°8 | 39°4 | 47-7 
1768 | 33:5 | 38°8 | 41°5 | 49:0 | 546 | 56:4 | 60°0 | 60-1 | 52°6 | 47°8 | 40°9 | 39:2 | 47-9 
1769 | 35°6 | 37-2 | 42:9 | 47°8 | 52-5 | 56:3 | 61°8 | 57°77 | 55:5 | 465 | 40:9 | 40°5 | 47-9 
mead | o9> | 416 | 371 | 43°8 | 50-0 | 552 | 586 | 59°6 | 567 | 46°6 | 39°l | 37°7 | 47:1 
1771 | 341 | 379 | 37-7 | 43:9 | 51:8 | 56:8 | 59°6 | 57°7 | 53:2 | 47°38 | 42°9 | 41:8 | 47-1 
1772 | 32°4 | 32-2 | 38°8 | 451 | 505 | 58:3 | 59°8 | 58:5 | 53:0 | /49°8 | 42°7 | 40-1 | 46:8 
1773 | 39°5 | 36-4 | 43:9 | 47°8 | 50:0 | 56°3 | 58°8 | 59°4 | 52°38 | 47°0 | 39:2 | 36-9 | 47-3 
1774 | 30:0 | 37°5 | 38:9 | 45°3 | 48:0 | 56°2 | 585 | 58°3 | 5382 | 49°3 | 39:1 | 37°8 | 46-0 
1775 | 38°7 | 40:4 | 41°38 | 49°0 | 54:1 | 57-7 | 60-2 | 58:7 | 54°8 | 46:3 | 390 | 39-1 | 48:3 
1776 | 30:1 | 37:0 | 42-7. | 481 | 50-7 | 566 | 605 | 57°8 | 533 | 48°0 | 42°0 | 383 | 47-1 



330 PROFESSOR FORBES ON THE CLIMATE OF EDINBURGH. 

11. The two sets of observations are each consistent among themselves; but the 

average difference of the two series, amounting to 1°°6 in excess for the mean 

temperature of Hawkhill above Edinburgh, is greater than the difference of level 

and exposure would seem to warrant. Even after applying a correction of +0°-25 

to the Edinburgh observations, deduced from Marrine’s estimate of blood heat 

(Art. 5), these averages appear to be too low, whilst those of the Hawkhill 

observations agree well with the modern ones contained in the sequel of this paper. * 

12. Professor PLayrair appears to have commenced in 1794 a register in Wind- 

mill Street (near George Square), Edinburgh, 265 feet. above the level of the sea. 

The results are published in the Edinburgh Transactions, Vols. IV. and V., from 

1794 to 1799 both inclusive. The hours of observation were nearly 8, 2, and 10 

(not 8, 12, and 10, as stated by M. Dove}), the middle observation being chosen 

so as to fall nearly at the moment of highest temperature. 

Mean Annual Temperature of Edinburgh. 

| Years. Playfair, 8, 2, and 10h, Adie, 8" and 8}. Difference. 

| 
1794 50°32 ie 

~ 1795 47°75 45:67 

1796 48:10 46°46 

bel og 48°04 46°33 

1798 49:28 47-59 

1799 46:13 44°44 

The difference is striking, and nearly constant. Sir D. Brewster attributes it to 

the radiation of heat from neighbouring houses at the midday observation.t At 

all events, Professor PLAYFatr’s observations seem to be in error. 

13. The only farther contribution I have to make to the older series of obser- 

vations is to mention that in Mr Apie’s earliest Register Book, mentioned below, 

I find a memorandum that the mean temperature of the year 1787 was 46°44 ; 

of 1788, 46°°191; and of 1789, 46°°573; but the authority is not given. 

Sect. 2. On Mr Adie’s Thermometrical Observations generally, and their Reduction. 

14. The observations of Mr Apie on the temperature of Edinburgh have 

hitherto been known by their periodical publication for some years, commencing 

with 1824, in Sir D. BrewstTEr’s “ Edinburgh Journal of Science,” from whence 

they have been quoted by M. Dove in his various writings. 

* Farther references to Mr Maccowan’s observations will be found in the ‘¢ London Philoso- 
phical Transactions” for 1775, and in the Edinburgh Transactions, vol. iv. p. 214; but I have not 
been able to discover any continuation of the observations later than 1776. 

+ Not unnaturally, since in the Tables themselves the word “noon” is used to denote the 
midday observation. Compare p. 214 of the paper in vol. iv. of the Transactions, 

t Edin. Trans. ix. p. 209. 
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15. The original observations were far more extensive. Stimulated probably 

by Professor PLAYratr’s example and advice, Mr Apr commenced what appears 

to have been a very careful register of the thermometer, barometer, wind, and 

rain, on the Ist January 1795. After continuing this register with great 

punctuality for more than ten years, it came abruptly to a close about the middle 

of 1805. It seems certain that Mr Apis then discontinued it, not from any want 

of interest in the subject, but because he considered that he had amassed suffi- 

cient materials for ascertaining the peculiarities of the climate of Edinburgh. 

For he reduced these ten years’ observations with care, and not only so, but pro- 

jected the whole in neat curves now in the possession of his family. These 

observations were made in Merchant Court, a locality now apparently extinct, 

but which was close to Merchant Street, near George IV. Bridge, in the old town 

of Edinburgh. Its elevation above the sea was, according to Mr James JARDINE, * 

230 feet. The distance from Windmill Street, the locality of Professor PLAYFAIR’s 

observations, was inconsiderable. The observations were made at 8 a.m. and 

8 P.M. | 
16. Nearly fifteen years elapsed from 1805 without observations being made. 

I shall afterwards state the source whence I have attempted to supply this blank. 

17. In 1821 Mr Ante resumed his observations at his villa of Canaan Cottage, 

in a sheltered valley about a mile and a quarter south from his former locality. 

Its elevation was 260 feet above the sea.+ The observations of the common 

thermometer and barometer were made at 10 a.m. and 10 p.m. instead of eight 

o’clock, as formerly. From 1822 the observations included the maximum and 

minimum temperature. 

18. These observations were continued until 1850 inclusive, by Mr Adie or 

some member of his family. But it is important to observe, that from the middle 

of May 1831 to the middle of May 1838, the locality was removed to No. 9 

Regent Terrace, on the Calton Hill, in the new town of Edinburgh, 246 feet above 

the sea, about five furlongs N.E. from his first station in Merchant Court, but in 

a far opener and more airy situation. In 1838 the old residence at Canaan 

Cottage was resumed. 

19. Thus we have consecutive observations from 1795 to 1804 both inclu- 

sive; and again consecutive observations from 1821 to 1850 both inclusive, at 

two localities distinct from the former. The changes of locality and exposure are 

no doubt unfavourable to the perfect comparability of these observations. Never- 

theless the considerable continuity of the observations in each locality enables me 

to affirm, after comparing the mean results, that the change of position (the 

* See Sir D. Brewsrer’s Memoir on the Mean Temperature of the Globe (Edin. Trans, vol. ix. 
pp. 209, 210), where also the mean temperature is deduced from Mr Jarprne’s observations on the 
springs of the Pentland Hills to be 47°1. 

+ Edinburgh Journal of Science, vol. i. In later volumes it is stated at 300 feet, but this is 
certainly too high. By the Ordnance Survey Map it would appear to be about 280 feet. 
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height above the sea not having materially varied) has very slightly, if at all, 

affected the indications of the thermometer. 

20. The observations are recorded in seven quarto paper books, all apparently 

original. My attention has been almost entirely confined to the thermometrical 

observations, though I have also used the monthly totals of the rain-fall which 

were first collected by Mr Joun ADIE. 

21. My first business was to obtain the mean temperature of each day of the 

forty years’ observations. This was done with great care by Mr Grassick, clerk 

in Messrs Apiz and Son’s establishment. For the ten and a half years, 1795-1805, 

the mean of the eight o’clock morning and evening observations of the thermo- 

meter was taken and entered in vertical columns under each day of the year. 

22. Beginning with 1822, the mean of the maximum and minimum tempera- 

ture is taken to represent the mean of the day; for 1821 on/y the mean of the 

10 a.m. and 10 p.m. observations was used. I have not attempted any correction 

for the more accurate estimation of the mean temperature than is given by these 

several times of observation. They are known all to coincide closely with the 

mean in the long-run. The degree of coincidence of the mean of the 10 a.m. and 

10 p.m. observations with the mean of the maxima and minima may be appre- 
ciated by an examination of Mr Aprs’s printed registers in the Edinburgh 

Journal of Science. As a general rule, I am averse to the application of correc- 

tions to particular meteorological data, depending upon averages merely, because 

they fail to reproduce the very peculiarities of which we may be in search. In 

deducing probable results for the climate at one place from that at a neighbour- 

ing locality, the possible error arising from such corrections must be submitted to. 

But in most other cases I prefer using, when admissible, those observations in 

their pure and simple form which give most nearly the mean temperature of the 

day (omitting any others) to applying to individual results any considerable 

correction or factor derived from long averages merely. Such corrections may, 

if wished, be easily applied to the jinal average of a long course of observations, 

to which alone they are strictly applicable. 

23. The sums and means of each column (Art. 21) of daily mean tem- 

perature were taken for four periods of ten years each, into which the whole 

of Mr Apir’s observations were divided; viz., for the periods 1795-1804, 1821-30, 

1831-40, 1841-50. The total averages were then taken. 

24. In like manner, the monthly averages for each year were taken, and the 

whole combined in the usual way. The mean temperature of the month, for each 

period of ten years, was first taken by the mean of the averages for each day 

of the month (or means of the vertical columns), and again, by the mean of 

averages of the months for each year separately. 

25. Another check on the accuracy of the. computer was obtained by the 

circumstance that Mr Apr had already, in by far the majority of instances, taken 

the means himself. Mr Grassicx’s calculations were made independently of these 

—— ee we hl — 

o Os Bei wl eee. 
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determinations, and where any discrepancy appeared, the cause was carefully 

sought out. 

26. Farther, the accuracy of the copy from the original registers, and of each 

part of the calculations, was tested in a great many instances (taken at random) 

by Mr Batrour Stewart (now of Kew Observatory), in whose exactness I have 

the utmost confidence. Although some errors were thus detected, they were not 

sufficiently numerous or important to shake my confidence in the care with 

which the reductions had been made, but rather indeed confirmed it. 

27. I ought to add, that the observations were all made with instruments 

manufactured by Mr Avie himself, and certainly equal in accuracy to any then 

constructed. I have not been able to ascertain when or how often the thermo- 

meters were renewed. We must therefore rely on their general exactness, with- 

out attempting a correction for index error. 

28. The thermometers were commonly read to whole degrees merely. Conse- 

quently, in taking the mean temperature of the day from two observations, 

we have not usually to do with any fractions differing from 0°°5. Tosave room, 

I have adopted, in the MS. calculations, a plan which may be usefully employed 

in all such cases. I have written such a temperature as 52°5 thus, 52°, and have 

allowed for these half degrees in making the summations. Where quarter degrees 

occurred, the nearest whole degree was written, and this little error is evidently 

-self-compensatory in the long-run. 

Srct. 3. On the Annual and Monthly Mean Temperatures of Edinburgh for Fifty-six years. 

29. A peculiar interest attaches to long-continued series of thermometrical 

observations in one locality. When made by one observer, and with comparable 

instruments, the interest is greatly heightened. We then see clearly the great 

extent of what M. Dove calls the “ Non-periodic fluctuations” of temperature, 

and the great length of time required to attain any certainty, even as to the 

precise mean temperature of a place, still more the peculiarities of the inflection 

of the diurnal and annual curves of temperature. 

30. A slight inspection of M. Dove’s large collection of monthly average 

temperatures,* will show in how few instances anything like fifty years of con- 

tinuous thermometrical observations can be depended on. The interesting de- 
ductions by M. QuetEeLeT from his own perfectly comparable observations at 

Brussels for only twenty years, show how much may be done to reduce the appa- 

rently lawless changes of climate to order, by the judicious combination of long 

-averages.t I have kept M. QuETELET’s reductions in view, in the course of those 

which follow. 

* See his Memoirs in the Berlin Transactions. In the Index to these which I have made 
and printed in the Edinburgh Transactions, vol. xxii. p. 75, I have, indicated by an asterisk the 
stations where the observations have been most continuous. 

t Mem. de l’Acad. de Bruxelles, tom. xxviii. Paper read June 1853. 
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31. The unfortunate blank in Mr Apie’s observations from 1805 to 1820 inclu- 

sive, detracted considerably from their interest, and I used every effort to discover 

some other register which might be used to supply the defect. None from the 

immediate neighbourhood of Edinburgh, however, appeared. But my attention 

was directed by M. Dove’s summaries to a register of twenty years’ continuance, 

kept at Dunfermline by the Rev. Mr FEercus, which extended over the missing 

years, and which farther indicated a climate remarkably agreeing with that of 

Edinburgh, not only in the annual mean, but in the partition of temperature 

throughout the seasons. 

32. The town of Dunfermline Jies thirteen miles in a right line to the N.W. of 

Edinburgh. It is little more than three miles distant from the estuary of the 

Forth, and about 300 feet above its level. 1 shall detail in a short paper on the 

climate of Dunfermline, following the present one, the fortunate circumstances 

which put me in possession of Mr FEerGus’s original registers, extending over a 

period nearly equal to those of Mr ApiE. 

33. In order to reduce the Dunfermline temperatures to those of Edinburgh, 

I selected the ten years 1821-30, during which observations were made contem- 

poraneously at both places; and taking the monthly means, and averaging the 

differences for each month of the year, I obtained the following numbers for the 

reduction of the Dunfermline monthly mean temperatures at 9 a.m., to those of 

Edinburgh (mean of maxima and minima) :— 

January, <deewedimbieey xsee Talyt a jodh. Sew feat ee 
February, : : . +0:19 August, 2 s + 0°67 
March, . : , : + 1°46 September, ; ; : + 1-20 
Aprils: : : : + 1:08 October, : ‘ : +0°71 
May, 5 z ; . + 0°66 November, - : +011 
June, A . A i 0:00 December, ; : ; — 0-29 

If these corrections be projected, an annual curve passes very fairly through them, 

indicating two maxima in March and September, and two minima in June and 

December. 

34. The corrections derived from the table above were employed to reduce the 

Dunfermline observations of the years 1805-20 (deficient in Mr Aptm’s series) to 

Edinburgh. Itis to be observed, that these corrections are irrespective of the error 

of either thermometer, and merely reduce the readings of the one to those of the 

other. I have distinguished the derived observations in the following table by 

the letter D. While I neither claim for them the original worth and precision of 

Mr Apte’s observations, nor rely too much on the universal application of the 

reductions from one locality to another, I believe that they will be found to in- 

dicate in a trustworthy manner the specific characters of those seasons which 

would otherwise have been defective in the series. 
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TABLE I.—MerAn MontTuiuy TEMPERATURE AT EDINBURGH FOR 56 YEARS. 

N.B.—The numbers followed by D are deduced from the Dunfermline Observations. 

* Interpolated. 
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Year. Jan Feb. 

1795, -+0--+-- 30-03 | 30-43 
1796, 44-11 | 40-03 
1797, 39-58 | 42.26 
1798, 37-09 | 37-50 
1799, 36-20 | 34.87 
1800, 34.53 | 34-69 
1801, 37:77 | 38-21 
1802, 37-12 | 36-57 
1803, 35-19 | 36-82 
1804, 39-77 | 35-22 
1805, 37-08 | 37-10 
1806, 35-0 p| 37-8 pb 
1807, 37-1 p| 36-8 p 
1808, 35-8 v| 36-2 D 
1809, 31-1 pb) 38-9 bp 

1810, 37-1 p| 36-1 D 

1811, 34-1 vj) 37-5 
1812, 35-5 | 39-5 
1813, 35-9 v| 40-0 
1814, 27-7 v\.35:8 
1815, 33-4 vi 41-1 
1816, 35-2 D)35-3 
1817, 38-0 v| 39-5 
1818, : 36-9 | 36-5 
eee 37-6 vi 36-6 

1820, -| 31-6 pb) 40-0 

1821, -| 38-29 | 39-21 
1822, ----| 39-05 | 40-58 
1823, +---1 31-06 | 34-41 

1824, ----| 39-89 | 39-03 
1825, -------+0-- agaaiess 39-09 | 38-96 
BEM eve sass cocesssses 33-19 | 41-75 

1827, ++--++000- --| 35-42 | 33-98 
BMAD, ce o-- 22sec scene 39-45 | 40-09 
Se 32.08 | 38-77 

WA30, «-.»-- s-es-| 34.32 | 36-03 

BBO, por---.--0-s0-5++-| 34-69 | 38-68 
BRED, ba cn sea cerensnes, 39-13 | 40-55 
 S eaee cee 34-69 | 39-52 
ee cece sees. 41-42 | 40-50 
Bec ecas can eees sees 37-88 | 39-62 
BE Persad ve vece eee eee 38-09 | 37-15 
BEEP eciesa-c0es- see ee 34.97 | 38.88 
1838, «+--seeeeeeeeeees 30-63 | 29.82 

1839, s-e+| 35-50 | 37-85 
cos EBRAARE a 39.23 |37-47 

BOs os a .0n00-n00- 33-43 | 37-87 
1842, «.------.--0eeeee- 34-98 | 40-02 
1843, Mieisisicivias cece aaees 39-42 | 34.28 

oc SeaBASEAS Reo Al-16 |35-77 
BE woe --- es cneeeeee 36-56 | 35-21 
MAG, «002-0 crcceoasess 42.06 | 44-85 
UMN fedeoss ae SOM 35-95 | 35-84 

BMG, heesses.. | 33-64 | 40-07 
BAd9, «<=... Pee dove 37-09 | 42.41 

wsvee] 31-50 | 41-75 

Mean of the whole,------| 36-15 | 37-90 
‘Mean of the Edinburgh 

Observations only, \ eee ere’ 

l= = Pl = =) 

Bilge tons 

fe} fel ley fel tet te isi te tel! te! 40-7 

41-40 
43-74 

39-64 
41-19 
41-84 
40:06 
42-87 
39-68 
44.21 

42-29 
41-82 
38-87 
42-89 
40-56 
39-64 
34-78 
39-13 
38-24 
41-13 

46-48 
42-51 
42-32 
41-40 
36-80 
42-68 
42-03 
41-56 
42-58 

42-37 

40-55 

40:58 

April. 

44.20 
48.43 
43-68 
48.13 
39-65 
45-00 

Jalen Wate) Telli ils} Ie leh tej te! ls} eh isis) 

May. June. 

48-88 
48-17 
50-62 
53-40 
47-3* 
49-06 

00-61 
48-45 
49-89 
53:98 
48-00 

52-7 
00-0 
53-6 
53-4 
46-6 

51-2 

lel tet tel teh) te) Bens) ses 

lohel tel Welle) te eh lel tes! feh= Io N= a) Jil le )El~ sale) 

48-80 | 50-30 
48-68 
55-82 
52-26 
48.96 
50:87 
47.98 
46-04 | 
49-13 
48-32 
52-03 
01-68 
47-13 
48-82 
48-13 
53-18 
50-59 
55-48 
51-03 
48-29 

50-18 | 55:55 

50-26 | 55-65 

July. 

57°32 
56-67 
58-88 
59-79 
57-05 
60-72 

56-95 
55-93 
62-74 
58-87 

Perse eS She SI Shers. 1 Sab be ees 

August. 

59-19 
59-17 
57-04 
58-70 
50:43 
59-31 

60-21 
59-72 
58-32 
57-93 
60-32 
08-9 
59-5 
59-6 
56:8 
58-3 

55:8 
06-1 
56-9 
56:8 
57-0 
04:5 
54-1 
56:2 
61-7 
59-9 

57-55 
57:00 
59-58 
57-22 
60-06 
60.98 
50-24 
56-98 
54:05 
52-68 

60-10 
57-36 
04°55 
58:37 
59-09 
54-93 
55:59 
56:87 
56-56 
59-14 

57-30 
59-93 
57-90 
55:09 
55:82 
59-90 
57-56 
54:06 
57-01 
56-82 

By See! igi. 

EP Pp Agee Sees Ens 

57-41 

57-49 

Sept. 

56:98 
04-30 
51:03 
03-45 
52-63 
53-68 

00-79 
54-73 
01-06 
07°10 
56-5 
oo-l 
48-5 
04:0 
54.1 
00-2 

03-9 
53-9 
53-8 
54:5 
53:5 
51-3 
53:8 
52-9 
03:5 
51-8 

56-46 
50-31 
51-92 
54-56 
56-91 
54-63 
54-98 
64-51 
50-30 

52-15 

55:28 
54-05 
52-96 
54-02 
52-21 
49-55 
51-70 
53-53 
53-41 
51-40 

54-41 
55:10 
57-10 
53-15 
54:25 
59-30 
51-48 
53-75 
52-41 
52:36 

lohle el =e] 

lef ellen telleb lelteste! ste) ls! 

53:66 

53-72 

Oct. 

50-24 
43-75 
43-58 
47-41 
44.51 
46-32 

48-61 
49-14. 
46-66 
49-26 
46-5 
50-4 
49-0 
43-8 
52:3 
49-7 

50-8 

eis ial elie lel is! 

left} Wel el tel lsh ist lshts)_ ts) 

t Supplied from the Means, 

spevbyUuyY 

SbebvbYyHHNHHY 

Dec. 

° 

43-40 
31-03 
38-74 
35-72 
34-30 
35-12 

32-53 
37-16 
37-91 
39-68 
36-3 

40-7 
36-7 
36-1 
36-8 
35-8 

36-2 
35:3 
37-6 
35-7 
34-1 
35-4 
35-4 
39-7 
34:0 
38-7 

40:80 
36-11 
37°32 
38-42 
37-97 
41-06 
42-24 
43-34 
35-97 
35-45 

41-85 
40-55 
40-30 
42-22 
38-80 
38-93 
40-97 
40:53 
38-08 
36-58 

38-92 
45-59 
47-70 
32-98 
38-77 
34-39 
39-72 
40-45 
36-64 
38-57+ 

Sob ob Ss Sie 

eh ish teh te is} lef leh tet te) 

37-98 

38-57 

4AR 

335 

Annual 

Means. 

45-67 
46-46 
46-33 
47-59 
44-44 
45-70 

46-88 
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35. With a view to trace more intelligibly the specific characters of the dif- 

ferent seasons, and in the hope of perhaps distinguishing in them something of 

a periodic or recurring character, I had the whole of these monthly temperatures 

projected in the form of fifty-six annual curves of temperature. The result, 

however, does not seem at present to warrant the labour and expense of reducing 

and engraving them. Looking, however, in a general way at these curves, or at 

the numbers in the preceding table, we note three leading characteristics of any 

year. J. The mean temperature of the year, or the position of the line of abscissze 

of the curve for that year. II. The annual range due to season. III. The earli- 

ness or lateness of the season, or the period of culmination of the curve for the 

year.* We shall consider these elements of climate more particularly. 
36. I. Mean Temperature of the Year.—The mean of the whole period, 

deduced from nearly 35,000 observations, is 46°°75, or if we exclude the Dun- 

fermline observations, 46°°88.+ 

The highest annual mean was that of 1846, amounting to, . 5 : 49°60 
The lowest was that of 1799, ‘ ; F : A ; ‘ ‘ 44:44 

The range, 5°16 

The higher limit was nearly touched in 1826 and 1834; the lower limit in 1816 

and 1838.t The following table contains the order of the years, taken with 

respect to mean temperature, beginning with the highest :— 

TABLE II.—TuHE SEASONS ARRANGED ACCORDING TO THE MEAN TEMPERATURE, 

BEGINNING WITH THE HIGHEST. 

1846 8.| 1822 || 15.| 1805 || 22. {1811 || 29.) 1840 || 36.| 1815 || 43.} 1830 || 50. | 1812 
1854 9.| 1832 || 16.) 1847 || 23. ee 30.| 1801 || 37.| 1839 || 44.) 1807 || 51.| 1823 
1826 || 10.| 1843 || 17.| 1804 || 24.| 1808 || 31.|f1803 || 38.| 1797 || 45.| 1836 || 52.| 1829 
1828 || 11.| 1798 || 18.) 1824 |) 25.) 1802 || 32. ed 39. |{1819 || 46.) 1837 || 53.| 1814 
1806 |} 12.| 1831 |} 19.) 1833 || 26. |f{1809 || 33.) 1849 || 40. ere 47.| 1800 || 54.| 1838 
1825 || 13.| 1821 || 20.| 1827 || 27. oe 34.) 1813 || 41.} 1810 || 48.| 1817 || 55.) 1816 
1842 || 14.) 1818 |} 21.| 1850 |} 28.| 1844 |) 35.) 1796 || 42.| 1820 || 49.| 1795 || 56.) 1799 SANGO eed 

* In the usual approximate expression for the annual curve of temperature represented by the 
curve of sines, where ¢ is the temperature of any day of the year, « the time reckoned from the 
commencement of the year, then, ¢=A+B sin (x+u,). The three constants, A, B, and u,, refer to 
the three particulars specified in the text. The equation to the annual curve will be more fully 
considered farther on (in § 6). 

+ It will be seen how nearly this coincides with Mr Jarpine’s deductions from the temperature 
of springs, viz., 47°08. (Art. 15, note). 

{ The mean temperature of Greenwich for seventy-nine years (1771-1849) is estimated by Mr 
GLAIsHER at 48°:29, or only 1°54 above that of Edinburgh. The fluctuation of the mean annual 
temperature at Greenwich was 6°:2, or within the period of the Edinburgh observations (1795-1850) 
5°6. (Phil. Trans., 1850.) 
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37. Il. The Annual Range, as roughly represented by the difference of the 

hottest and coldest months, varied from 30°7 in 1814 to 17°°9 in 1886. The 

mean is 24°°1.* The importance of this element in estimating the character 

of any year with respect to temperature, is well illustrated by comparing the 

years 1826 and 1828, which stand third and fourth on the list of mean annual 

temperature; but whereas the former was the hottest summer recollected in 

Scotland, the last was remarkably the reverse, the annual mean being kept up 

by the mildness of both the preceding and following winter. Table III. con- 

tains the years arranged according to the amount of the Annual Range, where it 

will be seen that 1826 stands fourth in order, and 1828 jifty-jifth. 

TABLE III.—THE SEASONS ARRANGED ACCORDING TO THE DIFFERENCE OF HoTTEST AND 

CoLpEST MONTHS, BEGINNING WITH THE GREATEST DIFFERENCE.+ 

1. 
2. 
3. 
4. 
5. 
6. 
“G 

38. It may be interesting to classify the years in the order of the mean tem- 

perature of the hottest month, distinguishing which month that is, as in the fol- 

lowing Table :— 

TABLE IV.—ContTaAInInNG THE MEAN TEMPERATURE OF THE Hottest MonTH IN BACH 

YEAR. 

1808 62'8 July 1824 59-89 Suly 
1803 62°74 July 1802 59°72 August 
1826 61.98 July 1818 59-7 July 
1807 61°9 July 1837 59°61 July 
1847 61°77 July 1804 59:26 June 
1819 61:7 August { 1834 59°26 July 
1846 61:60 June 1822 59°22 June 
1825 61:40 July 1795 59°19 August 
1798 61°36 June 1848 59:18 July 
1800 60°72 July 1796 59°17 August 
1805 60-4 July 1838 59°15 July 
1801 60°21 August 1840 59°14 August 
1831 60:10 August 1850 59°11 July 
1842 59°93 August 1835 59°09 ’ August 

* According to Mr Guatsuer, the mean difference of the hottest and coldest months at Green- 
wich for 79 years (1771-1849) is 28°-5, varying from 37°1 to 21°38. The climate of Greenwich is 
therefore more extreme than that of Edinburgh. The mean temperature of January is nearly a 
degree higher at Edinburgh than at Greenwich. 

+ In this Table the months in all cases belonged to the same Calendar Year. 
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Taste IY, (continued.) 

1806 58-9 August 1821 57-55 August 
ihe 58°88 July { 1820 57:3 July 
18338 58°87 July 1841 57°30 August 
1843 58°78 July 1799 57-05 July 
1839 58°63 July 1849 57°01 August 
1827 58°45 July 1844 56°89 July 
1814 58°4 July 1845 56:81 June 
1810 58:3 August 1829 56-55 July 
1811 58:2 July 1823 56°40 July 
1813 58:0 July 1817 56°3 July 
1830 57°72 July 1812 56:1 August 
1832 57°71 July 1836 56:00 July 
1809 57-7 July 1816 548 July 
1828 57°63 July —- 
1815 57°6 July Mean of the whole, 58°91 

From whence it appears, that in 56 years June was five times the hottest month, 

July thirty-six times, and August fifteen times.* 

39. If we make asimilar comparison for the coldest month of the year, we shall 

find it to range over no less than five calendar months from November to March. 

In the following Table it is to be observed, that when November or December is 

set down as the coldest month, it means that it was colder than the immediately 

succeeding January, February, or March. [In Tables III. and IX. the monthly 

ranges are those strictly included within the year. | 

TABLE V.—ConTAINING THE MEAN TEMPERATURE OF THE CoLDEST MONTHS OF EACH 

WINTER. 

1814 27:7 January 1843 34-28 February 
1838 29°82 February 1799-1800 34:30 December 
1795 30°03 January 1830 34°32 January 
1796-7 31:03 December 1846-7 34:39 December 
1823 31:06 January 1831 34°69 January 
1809 311 January Gee 34°69 January 
1850 31:50 January 1837 34-78 March 
1820 31:6 January 1799 34°87 February 
1829 32:08 January 1842 34:98 January 
1801-2 82°53 December 1806 35°0 January = 
1844--5 32°98 December 1800-1 35°12 December 
1826 33°19 January 1808 35°19 January 
1815 30°4 January 1804 35°22 February 
1841 30°43 January 1812-138 30°38 December 
1848 33°64 January 1816-17 354 December 
1827 33°98 February { 1817-18 30°4 December 
1807-8 34:1 November 1812 35°5 January 
1811 34:1 January ae 35°50 January 
1815-6 34.1 December 1804-5 35°68 December 

* Reducing Mr GraisuEr’s numbers for Greenwich in proportion to the number of years, they 

would give—June 33, July 33, August 174, September 2. The maximum occurs, therefore, later at 
Greenwich that at Edinburgh. 
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Taste V. (continued.) 

1844 35°77 February 1795-6 37°80 November 

1810 3671 February 1835 37°88 January 
1819 36°6 February 1821 38°29 January 
1807 36°8 Feb. and March 1824-5 38°42 December 
1798 37:09 January 1845-6 38°77 December 
{ 1849 37:09 January 1822 39:05 January 
1836 37°15 February 1832 39°13 January 
1823-4 37°32 December 1828 39°45 January 
1840 37:47 February 1833-4 40°30 December 

40. Thus it appears that out of fifty-six winters, the lowest monthly mean 

temperature occurred twenty-seven times in January, fifteen times in December, 

ten and a half times* in February, twice in November (in 1795 and 1807), and 

one and a half times in March (in 1807 and 1837).+ 

41. Ill. The Epoch of Highest Temperature mainly determines the earliness or 

lateness of the season. It is well known that in these latitudes the mean epochs 

of greatest heat and cold are, on a long average of years, nearly six months apart. | 

But in any given year, the fluctuations of temperature in winter are so irregular, 

as to make it very difficult to define the inferior culmination of the curve of 

temperature. I employ, therefore, the position of the maximum, as deciding 

the character of the season with respect to earliness or lateness. This has been 

approximately determined by a very simple process of approximation, which I 

used in my paper on the Temperature of the Earth at Different Depths.§ The rule 

is as follows :—“ Calling A the excess of the mean temperature of the hottest 

month above the preceding month, B the excess of the mean temperature of the 

hottest above the following month; Then 15 Se is the number of days + 

that the hottest day of the year {Wc the 15th day of the hottest month.” 

42. The results of this (merely approximate) estimate will be given in a future 

table (see Table IX. col. 5, below). In the meantime, the following is the classi- 

fication of the seasons, as early or late. The earliest date was June 22d in 1845, 

the latest August 14th in 1795. 

* When the temperature of February and March was the same, as in 1807, then one-half is 
the proportion for each. 

+ Mr Guatsuer’s numbers for Greenwich would give for a like number of years, January 30, 
December 15, February 10, March 1, November 0. ; 

{ See Qurreret on the Climate of Brussels, and § 6 of the present paper. 
§ Edin. Trans., vol. xvi. p. 216. 

VOL. XXII. PART II. As 
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TABLE VI.—THE SEASONS ARRANGED AS EARLY OR LATE BY THE DATE OF SUMMER 

Maximum. 

1845*| 8.| 1818 || 15.| 1817 || 22.| 1808 || 29.| 1797 || 36.| 1815})) 43.| 1849 || 50.| 1796 
1846*) 9.| 1850 || 16.) 1824 || 23. {is 30.| 1807 || 37. {isa 44.) 1831 || 51.) 1810 
1798 || 10.|(1826 || 17.| 1828 || 24. |, 1803 || 31.) 1854 || 38. 
1822 || 11. : .|U811 || 32.)(1809 || 39. ; ; 
1804 | 12.; 1833 || 19.) 1839 || 26. |f1813 || 33. jisis 40.| 1843 | 47.) 1841 || 54. 
1836 || 13./(1837 || 20.| 1844 || 27. { .|U825 |) 41.) 1805 || 48.1(1819 || 55. 
1829 || 14. ae 21.) 1847 || 28.| 1820 || 85.|s1800 || 42.) 1806 |) 49. | aU eS ie 

Sect. 4. On the Annual and Monthly Fall of Rain at Edinburgh for Thirty-eight years. 

43. Mr Ape appears always to have paid great attention to the amount of 
rain. 

44. The rain-gauge used by him was a metal funnel, about 63 feet above the 

ground, with a glass tube connected with it, and a stop-cock, by means of which 

the depth of rain was at once indicated.t+ 

45. The following Table contains the monthly results for thirty-eight com- 
plete years, and part of two others. I have been unable to find a comparable 
register for the years omitted; but even had one existed for a neighbouring 

locality, the seemingly capricious variations of this element of climate would 

make it hazardous to attempt any arbitrary reduction from one spot to another :— 

* In these two years, and also in 1810, there is some ambiguity owing to a double maximum 
occurring in June and August. In 1845 and 1846, at least, the effective maxima must be held to 
have occurred in July. 

} Mr Atexanner J. Aprz has favoured me with the following information about his father’s rain- 
gauges :—“ Linlithgow, 14th March 1859.—My belief is, that there were but two gauges used in all 
the time the register was kept, and that the one still standing in the garden at Canaan Cottage was 
the only one used after that at Merchant Court was broken up. The second gauge is about 63 feet 
above the ground, and of the ordinary form of the funnel mouth, with the glass tube and scale at the 
side. Falls of snow were taken by pushing down a cylinder through the snow in an open place, 
melting it, and measuring the depth of water for the fall had it been in rain,” 
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1-23 
1-77 
2-64 
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1-26 
2-84 
1-62 

1-77 
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TABLE VII.—Monmtniy FALL OF RAIN AT EDINBURGH. 

Feb. 

1-71 

March. | April. 

In. Tn. 

1:37 | 3-01 

+43 1:09 

1-20 1-47 

1-52 1-56 

‘47 2-15 

1-34 | 2-05 

+82 -60 

-69 ‘73 

74 1-16 

2:58 | 2-04 
sistateiare 64 

3-57 1-41 

-66 1-68 

1-34 57 

43 1-41 

1-33 1-52 

4-84 2-74 

1-18 1-42 

32 | 3-35 

1-78 | 2-28 

1-97 1-54 

1-29 1-21 

1-43 1-34 

1-65 -44 

2-28 -79 

3°79 1-54 

1-28 1-61 

2-76 1-78 

1-47 +33 

43 +19 

-60 1-14 

3-44 “15 

99 | 1-87 

2-42 -40 

1-67 -40 

-97 | 2-88 

+13 1-25 

2-80 1-06 

1-05 1-64 

14 88 

1-51 1-38 

May. 

In. 

1-20 
1-43 

1-69 

June. July. 

In. In. 

3-92 2-42 

1:03 | 2-77 

2-18 5-19 

2-53 2-10 

87 2-60 

+53 -40 

-20 5-25 

2-21 4-19 

1-35 -86 

1-32 1-86 
etsy ill civtesiere 

1-36 4-53 

1- 4-25 

2-01 1-58 

2-05 +15 

-30 2-31 

1-62 | 2-27 

81 4-57 

2-03 4-48 

2-54 6:57 

1-41 2-44 

2-89 1-14 

3-48 1:53 

1-45 3-20 

1-02 | 1-37 

2-50 6-53 

2-86 4-54 

5-16 2:45 

3-91 3-51 

2:75 3:46 

1-56 | 3-87 

97 1-53 

2-26 3-59 

2-71 2-39 

3-08 1-72 

3-59 4-17 

1-79 1-37 

6-04 1:36 

2-45 2:58 

1-18 1-63 

2-10 2-89 

Tora, 24-79. 

August.| Sept. 

In. In. 

3-62 1-12 

+45 2.21 

4-50 2:99 

2:99 | 2-28 

5:66 4-02 

1:26 | 2-53 

88 2-66 

2-13 2:37 

2-00 1-82 

3-91 -74 
DSB We ll ic HeCn 

2-36 1-27 

3-87 1-82 

1-50 1-62 

1-89 2-85 

1-83 1-01 

4-89 1-15 

3-43 2-31 

6-80 1-77 

6-69 3-63 

4-03 1-55 

3-64 92 

1-16 | 2-37 

1:18 4-50 

1-99 5-43 

2-45 2-81 

4-13 1-73 

2-97 4:00 

1:77 | 3-09 
1-99 2-39 

3-64 2-63 

1:36 1-45 

1-40 89 

2-11 2-70 

3-48 1:77 

5-01 3:35 

91 1-25 

2-00 1-45 

2-31 | 2-02 

2-20 1-83 

2-83 2-26 

* For 38 complete years, 

2-15 1-92 
Oa a 
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25-00* 
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46. The average rain-fall at Edinburgh is therefore exactly 25 inches, ranging 

from 36°60 in 1795 to 15:27 in 1826. The order of the seasons from Wet to Dry 

is shown in the following Table for the years which are complete :— 

TABLE VIII.—THE SEASONS ARRANGED FROM WET TO Dry. 

1795 8.| 1823 || 15.) 1822 || 22.| 1843 || 29.| 1800 || 36.| 1842 

1846 || 12.| 1845 || 19.) 1824 || 26.) 1798 || 88.| 1833 || ... ee inclusive. 
1838 || 13.| 1799 || 20.| 1804 |} 27.) 1849 | 34.] 1801 : 

1848 || 14./ 1841 | 21.| 1831 |} 28.| 1825 |, 35.) 1796 

| i 

He 

2. | 1830 9.) 1829 |) 16.) 1840 |} 23.) 1839 || 30.| 1802 || 37.) 1803 The years are from 
3. | 1836 || 10.| 1797 || 17.| 1828 || 24.) 1832 || 31.| 1834 || 38.| 1826 1795-1804, and 
4, | 1827 || 11.| 1837 || 18.| 1835 || 25.| 1847 || 32., 1844 || ... Bee from 1822-1849 
5. 
6. 
7. 

47. The means of the columns of Table VII. show the following averages of 

rain-fall according to the season :— 

WINTER. | SPRING. SUMMER. AUTUMN. 
Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch. 

Dec. v77| are or | Mar. bo 4:58, or | June, zea 7°82, or | Sept. zich 6°99, or 
Jan. 1:77; 21-8per | April, 1:38} 18:4 per | July, 2°89 > 31-6 per | Oct. 2°58> 28:2 per 
Feb. 1°71) cent. May, 1°69) cent. Aug. 2°83) cent. | Nov. 2°15) cent.* 

48. It thus appears that at Edinburgh spring is decidedly the driest, and 

summer decidedly the wettest, quarter of the year. If we project the monthly 

results, we obtain a pretty regular curve, showing a minimum about the middle 

of April, and a maximum about the end of July, but October has a slight maxi- 

mum of its own. Of individual rainfalls, Mr Avie noted, on the 18th November 

1795, 2°89 inches within 24 hours; on the 30th July 1797, 2-63 inches; and on 

the 18th August 1797, 2°56 inches, nearly the whole of which fell within 6 hours 

from 2 to 8 P.M. 

Sect. 5. General Remarks on the Succession of the Seasons for the period 1796-1850 

and their Extremes. 

49. The following Table contains a concise view of the succession of the 

seasons from 1795 to 1850. It is difficult to trace any periodic recurrence of 

good and bad seasons, although it is very plain that they happen for the most part 

in groups of usually from seven to ten or twelve years’ duration.t This is well 

seen by the third column of Table IX., showing the annual deviations of the 

* The sum total at all seasons is 24:79 inches, which is slightly below the average of 38 complete 
years given above. This arises from the partial observations of 1805 and 1850 (which are below 
the average) being included in the monthly means. 

+ There is a slight appearance (from Table IX. column 2) of alternate ten-year periods below 
and above the mean, commencing in 1793 or 1794, and terminating in 1852 or 1853,— 

The maxima would be 1809, 1829, 1849. 
The minima would be 1799, 1819, 1839. 

va a | 
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_mean temperature from the average of fifty-six years. The succeeding columns 

show, First, the range of the monthly means within one and the same year. 

Secondly, the approximate date of the maximum temperature of summer, deduced 

from the monthly means, on which some remarks have already been made in 

Art. 41. Thirdly, the highest and lowest mean temperature of any day in each 

year, with the dates (the Dunfermline observations not included). Fourthly, the 

extreme temperatures occurring in any year, with the dates (confined to the 

period for which self-registering instruments were used). The highest individual 

temperature noted in the twenty-eight years 1822-1850, was 87°, on the 24th 

and 26th June 1826, and on the 17th June 1839; and the lowest, 5°, occurred 

on the 31st January 1845 and the 29th January 1848. 

50. It will easily be seen that the second, fourth, and fifth columns afford the 

means of supplying the approximate constants for the curve of each year denoted 

by A, B, and w,, in the note to Art. 35, and in§ 6, below. It might be wished that 

these constants were compared in several moderately distant localities (for example 

over Europe), to see how far the characteristic features of any season may be 

held to extend. By this means it might even be possible, after ascertaining the 

proportional constants for each season, to infer the characters of the climate of 

“any locality from a few years’ observation only. Even were this method appli- 

cable to so limited an area as that of Great Britain, it might be of great use in 

‘generalizing meteorological results. 

VOL. XXII. PART II. AT 
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TABLE IX.—SHOWING THE GENERAL AND EXTREME CHARACTERS OF EACH SEASON. 

Dees oe 3 6 8 3 
ga 2 Bg 3 Calculated ||'S 5 = c 85 cI 2 

Year. ao : gs ato: of 2a i> Date. 35 Date. Be 5 Date 5 Date. 
g - 3 5 & 

A ale tees alee E A ls Z 
° °o ° ° ° ° ° Ye 

1795 | 45-67 |—1-08 |29-16 |Aug. 14 68-5 |Aug.12 ---116-5 \Jam. 29 ----1152. |I.-.|  eeereeeee lowe] see ee sees 
1796 | 46-46 | —0-29 |28-14|Aug. 10 |68- |June 30 -+-//18-5 |Dec. 24 ++++/149.5 eee] senreenee oul dene deen 
1797 | 46-33 |—0-42 |20-38 |July 22 67-5 |July 14 ---/124. |Nov.29 -++-||43.5 ||...]  serseeeee ve | asta nee 

1798 |47-59 |+0-84 125-64 |June 25 69. |June 28 ---|/21-5 |Dec. 28 -+++|147-5 ||.--|  sereeeeee |[nee]  eeeeeenee 
1799 | 44-44 |—2-31 |22-75 |July 19 |67- |June 21,22 120. |Dec. 31 -++:||47- |].-.| +--+. woal| Qeceeneee se 

1800 | 45-70 |—1-05 |26-19 July 24 |'70. |July 24 ---23. |Dec. 30 ----//47. |]---| seeeeceee lJnve| see eee ooo 
1801 | 46-67 |—0-08 |27-68 |Aug. 13 ||69- |Aug.19 ---//25- |Dec. 19 +++-]44. |le..| seeceeeee Jee] cor ensnee 
1802 | 46-86 |+0-09 |23-15 |Aug. 13 |67- |Aug.17 ---/|24.5 |Jan. 1, 6, 7 42-5 |lee-|  seneee eee wes] te teeeeee 
1803 | 46-63 |—0-12 27-55 |July 19 |177- |July 18 ---/119-5 Jan. 13 -+++//57-5 ||...]  eeeeseeee APP ie coc 

1804 | 47-31 |+0-56 |24-04 |June 28 |66- |Sept.14 -.-//21. |Feb.7,D°31\45. |]..-|  -2s-+0-- see] ceeecsees 
1805 | 47-41 |+0-66 |24-1 |July 30 |j...... Boocdance ! ase aeall Miscabcodtien | PSeare Belle wAnductcce see, somone Onc 

1806 | 48-26 |+1-51 |23-9 |Aug. 1 ]..-.-. DdSdasewi tl NERS OL as hei a ll ER ee Joh] weletwcn vine, >| [Siniel| eeaebe aii 

1807 | 45-82 |-0-93 |27-8 |July 22 ||...... neste ciperens ll lemme asieieesese. Ilseavwaa|{os ell & es rd weeny till cent teen 

1808 | 46-91 |+0-16 |27-0 |July 18 ||....-.|  --.++ Foear ec eel. wieceeeiee can tomes coa|)) \seseecd sat Sl Ce ene ; 
1809 |46-80 |+0-05 |26-6 July DS ll tee eplllll festeiartele Jae AS IA Mowe chests. Cll Meare EAE A Bee bhanc eral phesmeete pe 

1810 | 46-26 |—0-49 |22.5 Aug. TOY |Batece cocmondes Hoot) oossoeood a listasce Socih oeancasce waellt sleet 

1811 | 47-00 }+-0-25 124-1 [July 19 ]-----.| --22--2--  |[nceeee] cevcnesee [Hewes veal sees eestee | eee a in 

1812 | 45-32 |—1-43 |20-8 |Aug. 6 jJ------]  s-sseeeee  [[eeceee]  ceeeeeece lace aes 335] Melelee'<lbchera, Ol] SER ease 

1813 | 46-48 |—0-27 |22-1 July DO lascsscl’ assecmecses lNscmsisalee aperaciocee ofl ltcevase Sea meonGos5s- Heal nmacc Bor 

1814 | 45-21 |—1-54 |30-7 July OOP eect |p aetiveriacteem | lIhokaers inlelt osvlene Ml etctaiate cecil a eaess6doc soe|)  eeelartereed 

1815 | 46-40 |—0-35 |24-2 July DA Peon ole aie'sxioiat> patel |aa/ae o's] gig manuatenyy heen alle picteee wool) pase piemane ool) | Sena 

1816 |44-46 |—2-29]19-6 |July 25 |j-..+0-]  ceeseecee f[eceeee| seeeeevee fee eee Beall) Mbobes€ oto vel seaport 

1817 |45-69 |—1-06 |20-9 |July 15 ]}----0.] -:-s--eee  ffeeeeee] se eeeeeee lee eee Be clh Ricietetetalatels oie | Patella neta 

1818 | 47-42 |4+0-67 |23-2 [July 5 |[--.---]  cereeeeee f[eeneee]|  ceseeeree  [leoweee beg|| WNidonsddince ccel. sae oieeaeee jesne 

1819 | 46-27 |—0-48 127-7 |Aug, @ |e...) erecearee  lfeceee |  caereves Beebe aa Migaseseesae ves] eeeeen ene flee 
1820 | 46-11 |—0-64 |25-7 |July 21 |[-nc.-.]  -e-s--nee fee eeee]  caeeweaee  [lenceee Bap ie Prior oc 3 wes)! secs 

1821 | 47-44 |+0-69|19-26 |Aug. 11 67-5 |July 19 ---/17- |Jan. 3 --+-/50-5 |---| ceeeeeeee see] ceeeeewes Hee 
1822 | 47-82 |+1.07 |23-11 |June 26 ||65-5 |June 5 ---/[25- |[Dec. 28, 29 |l40-5)So|June 13 ---!/18|Dec. 28 ..» 
1823 | 45-30 |— 1-45 |25-34 |July 25 |66- |Aug.11 ---19- |Feb. 5 ----/47- 75 Aug. 11 -..//11/Feb. 5- 
1824 | 47-26 |+0-51 |21-47 July 16 |/72- |Sept. 2 ---122.5|Dec. 5 ----/49-5 95|Sept. 2 ---//16/Dec. 5- 
1825 | 48-19 |+1-44 |23.43 |July 23 |70-5 |July 14 ---/27- |Jan. 5, F> 4/|43-5 |'g3|July 30, 31 ||19|Nov. 10 - 
1826 | 48-66 |+1-91 |28-79 |July 12 |'74- |June 28 ---/18- |Jan.16 -+--/56- |87\June 24, 26 ||10\Jan. 16 - 
1827 | 47-11 |+0.36 |24-47 |July 12 |163-5 |JY 16,S*16|/19- |Jan. 3 -...44.5/77|\July 16 ---\/14)Jan. 3- 
1828 | 48-46 |4+1-71 18-18 July 16 |\66- |June 27 --.//23. \Jan.11 ----/43- |76);Aug.27 ---//15|Jan, 11 «rs 
1829 |45.23 |—1-52 |24-47 |July 3 65. |Aug. 8 ---//22-5 Jan. 22 .«..-/42.5|75/ July 13 ---//15|Jan. 22, 25)) 
1830 | 45-98 |—0-77 |23-40 |July 16 |68- |July 26 ---/[22. |Dec. 24 -.--|46- |isijJuly 28 ...||15|Dec. 25, 26}) 
1831 | 47-48 ;+0-73 |25-41 |Aug. 3 |67- [July 29, 31/126. |Feb. 4 ----/41- ||76\July 31 ---/19|/Feb. 4- 
1832 | 47-72 |+0-97 |18-58 |July 25 65. |Aug.10 ---/129.5|Jan. 3, 27 |/35-5|/75|Aug.10 ---|/24|Jan. 27 - 
1833 | 47-19 |+4 0.44 |24-18 July 13 |'67-5 July 28 ---/27. |Jan. 15 -+--/40-5 ||75|July 17,29 |23\Jan. 16 - 
1834 | 48-74 |4+ 1-99 |18-76 |July 22 |168-5|Aug.12 ---131- |F®21, NY 2437-5 |/77;/Aug.12 --./20|Mar. 24 - 
1835 | 46-80 |+0-05 |21-21 |Aug. 6 |66-5|/Aug.11 ---/28- |Jan.20 ----138-5|/77|Aug. 4, 10|'22 Jan. 21 - 
1836 | 45-73 |—1-02|17-91 |July 2 |'65- |June15 ---28- |Dec. 26 ----|37- |76\June 15 ...//24/)Jan. 19 ++ 
1837 | 45-72 |—1-03 |24-64 July 14 |64- July 6 ---/23. |Jan. 11 ----/41- ||73|)July 10 ---|/16\Jan. 12 - 
1838 | 44-72 |—2-03 |29.33 July 20 68-5 |July 12 ---//18- |Jan. 21 -+--/50-5 |84/Sept. 9 ---||13)Feb. 13 - 
1839 | 46-36 |—0-39 |23-13 July 17 |66-5 |June 17 ---|24. |Feb. 21 ----/42-5 |87|\June 17 ---/13/Jan. 30 -- 
1840 | 46-72 |—0-03 |22-56|Aug. 9 ||67-5 |Aug. 21 11112765 Dec. 24 -+--/40- |78)Aug. 9 «--//21|J"30, FQ 
1841 | 46-63 |—0-12 |23-87 Aug. 7 |67- |Aug.20 ---/21-5|Jan. 9 -+--|45-5|/79'June 10 ---| 8Jan, 9 + 
1842 | 47-96 |4+1-21 |24-95 |Aug. 13 68- Aug. 13%---|26-5 |Jan. 16 ----/41-5|79 July 23 -- 18. Jan, 16, 17|) 
1843 | 47-62 |+0-87 |24-50 |\July 26 |67- |July 14 ---|24. |Feb,15 ----/43- |'77|\July 14 --- 16 Feb. 15, 
1844 | 46-73 |—0-02 [23-91 |\July 17 |66- |July 22, 25/24.5 |Feb.21 ----41-5|/77\Sept. 1 ---|j13\Feb. 27 - 
1845 | 46-27 |—0-48 21-60 June 227/69. |June12 --.|/18- jJan.31 ----//51- ||79 June 12,13|| 5\Jan. 31 - 
1846 | 49-60 |+2-85 |27-21 June 241//71-5 |June 5 ---|/25-5 |Dec. 25 46. ||s4lJune 5 
1847 | 47-39 |+0-64 |25-93 July 17 ||75-5 |July 12 --.|'25-5 |F°8,9, D3! 50- |i83 July 14 -- 
1848 | 47-00 |+0-25 |25-54 July 14 |68-5 July 13 ---[17-5 |Jan. 29 ----//51- ||82'July 13 --- 
1849 | 46-51 |—0-24 |20-37 |Aug. 2 /65-5¢July 102---/20- |Jan. 2 -+--)45-52?/78 June 5 --- 

| 1850 | 47-02*/40-27 |27-61? July 7 ||68-5|June 24 ---//19-5 Jan. 17 ----/49- ||78\July 23 - 

pian, 46:75 | +--+: 24.08 68-0 July 19-5 | 22-8 |Jan.11-9 {45-2 |. 
| | mM 

* Three months of 1850 are supplied from the general average of those months. 

7 Calculated by Formula of Art. 41. { See Note to Table VI. 
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51. Table X. shows the succession of the seasons in a somewhat different form ; 

the seasons being indicated as Hot or Cold, Extreme or not, Summer Hot or Cold, 

Early or Late, Rainy or Dry. The numbers affixed to any year, denote its Rank 

in those respects amongst all the years for which the observations were made. 

They are in fact the numbers in the Tables II., HI., 1V., VI., and VIII., arranged 

chronologically instead of quantitatively. The seventh column refers to the Price 

of Grain, which is considered in the concluding section of the present paper. 

TABLE X.—SHOWING THE RELATIVE CHARACTERS OF FIFTY-SIX SUCCESSIVE SEASONS 

IN CHRONOLOGICAL ORDER. 

, 2 is 3 aS ° oe) ‘ o »S a us) = tu 3 ia is us| oy = fl oy 

i) 13 2 4 A Se o ms 3 3 A 3s 
o nS 2 be isi oO nA ) a cal Vel eee ° =I ° -, o 5 DO ° > Y Pe o Es ° e) u ev Es ° 0a 

go Ens) > a go Ge) ; > a 
= i EPHMA ERC, SP olen 2 wa HE a ihe Be » = S a=) >, “= bu > as ee) z 52 i 
° 3 “ 3 3 ao ° 3 Ea 3 3 o 

iss] n | ica] es |O ise] R ica) <3) fe) 

1795 | 49 22 56 D365 oi 1823 |) 61 52 
1796 | 35 24 50 |35 |10 || 1824 | 18 15 1 
1797 | 38 30 49 29 WO!) | By ieO25 6 8 34 33 |28 | 32 
1798. | 14 9 Ey, 3 |26 | 5 | 1826 3 3 
1799 | 56 47 40 DAP NAS NoQ | V8A7T90 34 
1800 | 47 Or a4 35°5|29 | 55 || 1828 4 42 58 17 |17 | 34 
1801 | 30 lb 8 54 |34 |238 |) 1829 | 52 51 24:5 7 9 |21°5 
1802 | 25 16 37 54 |30-|17 || 1830 | 43 39 390 18 | 2 | 3885 
1803 | 31:5*| 2 10 D4 137 26 |) 1637. | 12 13 19 44 |21 | 26 
1804 | 17 19°5 | 30 5 |20 |34 || 1832 9 40 54 38 | 24 6 
1805 | 15 11 28:5 |41 | «-. | ... || 1883 | 19 ol 27 12 | 33 3 
1806 9) 29 32 42 | ... |38-5)) 1834 2 195 | 53 ol |}31 |14 
1807 | 44 4 6 30 |... |51 || 1835 | 26-5 | 28 46 45:5|18 | 14 
1808 | 24 il 12 22 |... |47 || 1836 | 45 56 56 6 3 |41 
1809 | 26:5 | 41 13 33 |... |0a || 1887 | 46 18 22 18°65) 11 4-18 
1810 | 41 36 42 SL}... 4/29 1838 | 54 25 8 26°5| 6 | 42 
1811 | 22:5 | 37 28:5 |24 |... |45 || 1889 | 37 33 38 19 |23 | 34 
1812 | 50 54 48 45-5) ... |54 || 1840 | 29 26 41 48:5, 16 | 11-5 
1813 | 34 38 43 26°5| ... |43 || 1841 | 31:5 | 45:5 | 33 47 |14 |11-6 
1814 | 53 36 iL 215 al ee 1842 7 14 21 54 | 36 8 
1815 | 36 43 26 35°5) ... | 7 || 18438 | 10 32 23 40 |22 |19 
1816 | 55 56 51 B84). (49 i_ 1644. |.28 49 31 20 | 32 | 21-5 
1817 | 48 53 47 15 | ... |45 || 1845 | 39-5 | 50 44 1} |} 12 | 385 
1818 | 14 17 36 8 |... |45 || 1846 t 7 11 2+) 5 |50 
1819 |. 39°5 6 7 48-5) ... | 26 1847 | 16 5 15 21 |25 |30 
1820 | 42 45:5 | 16 28 | ... | 20 |) 1848 | 22:5. | 23 18 13:5] 7 9 
1821 | 13 tt 52 52 |... |16 || 1849 | 33 48 50 43 |27 1 
1822 8 21 39 4 |/15 |14 |) 1850 | 21 27 9 Deletes hes 

* When in this and the following columns two years are designated by the same number (whether whole or 
fractional), it indicates that they were equally hot, or extreme, or rainy (as the case may be), and the mean of the 
numbers is assigned to them which they would have had if there had been an inequality. 

{ These positions are not the true ones, for the reason assigned in the Note to Table VI. In both years, how- 
ever, the actual highest temperature, both in the extremes and in the mean of the day and of the month, occurred 
in June. ° 
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SECTION 6. On the Form of the Annual Curve of Temperature at Edinburgh, and on its 

Accidental Fluctuations. 

52. The method usually employed to represent the annual curve of tempera- 

ture, is to take the mean temperature of the twelve separate months (each month 

being represented in extent by 30° or one-twelfth of an entire circumference), 

and to express them by a series of the form— 

Yn =A+B sin (80° xn+u,),+C sin (80° x 2n+u,) + D (380° x 3n+ uz), + &e. 

Where y, is the temperature of any month whose number is » (reckoning Janu- 

ary=0, February=1, &c.) Eliminating the constants (by the method given, for 

example, in Dove’s Repertorium, vol. ii. p. 275, or “ Encyclopzedia Britannica” (8th 

Edition), Art. Meteorology, p. 665, we obtain the following numerical formula :— 

Yn =46°-88— 10°83 sin (80n + 83° 28’) + 0°-963 (60n + 52° 8’), + &e. 

(the fourth term is negligible, its greatest value being only 0°-104). 

53. A comparison of this calculation with the observations collected in Table I. 

gives the following results :— 

TABLE XI. 

Temperature. Beets af 5 Temperature. nga 

Month. Observed. | Calculated. | Calculation. plone Observed. | Calculated. | Calculation. 

January,.....| 8664 | 36-88 | 40:24 | July,......... 5829 | 5840 | +011 
February,....| 87°92 37°84 — 0:08 August,......| 57°49 57°70 + 0°21 
Marchi, 4.33 40°58 40°53 —0:05 September,..) 53°72 53:46 — 0:26 
April ndesucd, S404 44-89 + 0:05 October,......| 47°49 47°35 —014 

Eh ole a ee 50°26 50°30 + 0:04 November,...| 41°17 41°68 +051 
JUNG, soos ix. al (0O'OO 60°45 — 0:20 December,...| 38°57 38°05 — 0°52 

54. Consequently, the mean temperatures of the months are satisfactorily 

represented by the formula. It is evident, however, that the annual curve drawn 

through the mean temperatures of the months will lie somewhat too low during 

the hotter part of the year, and too high in winter; in other words, the inflection 

of the curve will be too small. This arises from the fact that the mean elevation 

of a given number of points, which all coincide with the arc of a curve, will neces- 

sarily fall within the concavity of the curve, and the true curve will be external 

to the curve of the means, especially if the period embraced in the means be so 

considerable as thirty days. 

55. The correction for this (which, I think, has not usually been made) is 

easily found, with sufficient approximation, as shown in the subjoined note.* 

* Let A B CD be four points in the ¢rue annual curve which is sought, and which is assumed 
to be symmetrical on either side. It will be sufficient for a first approximation to assume that these 
points, so far as they are considered at one time, are situated in a parabolic arc, formed by daily 
temperatures horizontally equidistant from one another. The mean temperature of the month BC 
(for example) will lie at 8, and not at 6 in the parabolic arc. In like manner @ and ¥ are the 
tabular averages for the preceding and following months. We want to find the quantity 6b, by 

eee sees SS: Ce SO ee Se eee 

— 
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56. The greatest value of this correction of the numbers in the preceding 

table, in order to obtain the curve of daily mean temperature, is about 0°15. 

As it will only be sensible in the second term of the equation of the annual curve, 

and as it tends to increase its co-efficient, this latter, instead of 10°-83, becomes 

10°98; and if we farther modify the angular constants of Art. 52, so as to 

adapt them to the beginning of the year as an origin, instead of the middle of 

January, the formula becomes (# being the distance of any day of the year from 

the beginning, in angular measure)— 

y=46°88—10°-98 sin (w + 68° 28’) + 0°96 sin (Qu + 22°). 

57. If we consider the two first terms only of this formula, the hottest day 

will be the 23d July; if all three terms, it will be the 27th July. The coldest 

day in the former case would be the 22d January, or in the latter, the 17th 

January. The effect of the third term is therefore to shorten the period of 

declining temperature by about six days, and to increase the period of rise by the 

same quantity. The days corresponding to the mean temperature of the year 

shown by the geometric curve are the 28th April and the 18th October. The 

temperature is therefore above the mean for 173 days, and below it for 182 days. 

58. We next proceed to compare this equation with the annual curve in 

detail, as derived from Mr Apte’s forty years’ observations. 

which the monthly mean is to be increased, in order to make it coincide with the temperature of the 
middle day of the month. § is the centre of gravity of the daily temperatures lying in the arc 
BC. Considering these daily temperatures as equally heavy points distributed uniformly with respect 
to a double ordinate BC parallel to the tangent at 6, we have by the properties of the centre of gravity 

2 

So ea . oa. : 

oe. : where the equation to the parabola is y2=2aa, and where the weight of an indi- 

p.dy 
2 

_ vidual observation is p. Hence we have po=-— ==, where zis the abscissa 6 b’ intercepted by 

the chord or double ordinate BC. In like manner wa=1aa’ and ye=4icc’. But a, c, the points 
representing the middle of the preceding and following months, are 60 days apart, while B and C 
are only 30 days apart. Therefore 1D=4bb’ and b= ,bD, which is equal (neglecting small 
quantities) to very nearly 6D’. So that the required correction is found by increasing the 
co-ordinate of temperature expressed by the periodic part of the equation in the text (+ or — as 
the case may be) at the middle day of each month by 51, of the difference between the mean tempera- 
ture of the month and the average of the temperatures of the preceding and following months. 

VOL. XXII. PART II. 4U 
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59. The preceding table (pp. 348—49) contains the synopsis of the whole thermo- 

metric observations described in Section 2, arranged under each day of the year, 

and divided into four decennial periods. From these partial results, the great 

length of period required to determine the mean temperature of any given day 

may be estimated. I have farther added the extremes of the observed mean 

temperature of the day during forty years, and the difference of these, which I 

call the “fluctuation.” This uncertainty as to the mean temperature of a given 

day amounts occasionally in winter and spring to 30° Fahr. or more. 

60. The mean daily temperatures in the preceding Table are projected on a 

large scale in Plate XVIII. Notwithstanding the casual sinuosities of the curve of 

temperature from day to day, the interpolating curve derived from the formula 

obtained in Art. 56 evidently represents the course of temperature with general 

exactness, and the temperature of a given day may be estimated from it with far 

more accuracy than by the observed mean of that day only, even if derived from 

forty years’ observations. 

61. Nevertheless, it is interesting and important to ascertain whether there are 

not partial inflections of the annual curve, subject to recur, and which cannot be 

satisfactorily represented by the usual periodic series. These are fitly termed by 

M. QUETELET “ periodic anomalies.” * 

62. With this object in view, as well as to facilitate a comparison of the Edin- 

burgh temperatures with observations made elsewhere, I caused the jive-day 

means to be taken from one end of the year to the other (derived from the collec- 

tive observations of 40 years), in the same way that was done by the earlier 

meteorologists, and more lately by M. Dove, who has published a considerable 

collection of such results.+ By this process the sinuosities of the larger curve 

are very much reduced, and anything like a systematic deviation from symmetry 

is more clearly shown. 

63. The results are contained in the following table, and are represented in 

Plate XIX. 

* Memoire, &c., p. 4. 
+ Dove, Fiinftigige Mittel, &c. Folio, Berlin; and in the Tables of the Prussian Statistical 

Bureau. Folio, 1858, 
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TABLE XIII.—SHowING THE FIVE-DAY MEANS OF TEMPERATURE FOR FORTY YEARS, AS 

OBSERVED AND AS COMPUTED FROM THE FORMULA; ALSO THE FLUCTUATION OF DAILY 

TEMPERATURE IN FoRTY YEARS, AND THE MEAN DAILY RANGE (TWENTY-NINE YEARS’ 

AVERAGE). 

=I =| 
Temperature. 2 > Temperature. So > 

pie PE" | as pie, | 2= | Oe 
Cal- Ob- Se eae Cal- | Ob- a | $e 

culated. | served. =I ie culated. | served. =I g|4 
e A 

Jan. 1-5 | 36-92 | 36:30 |—0-62|24-4| 9:4|| July 5-9 | 58-00 | 57°68 |—0-32| 16-1 | 16-9 
6-10) 86°76 | 35:84 |— -92/24-4/} 9-5 10-14] 58-20 | 58-67 |+ -37)|19°3/16-5 

Ti-15| 36:74 | 35:97 i— -77/27-5| 9-4 15-19) 58°54 | 58-60 |+ -06| 20-4] 16-1 

16-20) 36:72 | 37:06 |+ -34|29-6| 9-6 20-24] 58-71 | 58-00 |— -71}| 15-3) 15-8 

21-25] 36:78 | 37-65 |+ -87| 28-2} 10-3 25-29) 58-78 | 58-98 |+ -20| 15-8) 17-0 

26-30] 36°82 | 37-34 |+ -52| 26-6 | 10-5 30-8 | 58-69 | 58-32 |— -37|16-7| 16-5 

31-4 | 37-06 | 37:16 |+ -10| 28-0/10-6)| Aug. 4-8 | 58°52 | 58-32 |— -20| 13-5) 16-5 

Feb. 5-9 | 37-27 | 37:55 |4+ -28| 26-8] 10-6 9-13} 58:24 | 58-27 |+ -03/17-3] 16-5 

10-14] 37-54 | 38-33 |+ -79| 26-1] 11-1 14-18) 57-81 | 57-44 |— -37|18-7| 15-7 

15-19] 37-80 | 837-94 |4+ -14)| 25-3 | 11-2 19-23) 57-37°| 57-05 |— -32/18-8| 15-7 
90-24| 38-21 | 38:35 |+ -14| 23-2} 10-8 24-28 56-80 | 56-25 |— -55| 14-9] 16-0 

25-1 | 38-60 | 38-32 |— -28) 26-0) 11-3 29-2 | 56-12 | 56-46 | + -34)| 18-9) 16-1 

Mar. 2-6 | 39-08 | 38:96 |— -12|21-5|12-5|| Sept. 3-7 | 55-36 | 55-13 |— -23/19-1) 15-4 
7-11) 39:53 | 39-91 |+ -38| 24:7) 13-9 8-12) 54:54 | 54:45 |— -09/18-9| 16-0 

12-16} 40-11 | 40-74 |4+ -63| 25-3 | 13-3 13-17 53-62 | 54-73 | + 1-11 | 20-4| 15-7 

17-21| 40°66 | 41-38 |+ -72|21-4/ 14-0 18-22) 52-71 | 52-55 |—0-16 | 18-6 | 15-1 
29-26] 41:35 | 41-01 |— -34| 21-0/ 13-7 23-27| 51-72 | 52-33 |4+ -61 | 20-4) 14-2 

97-31] 42-03 | 41-94 |— -09 | 22-2|14-3 28-2 | 50-70 , 51:03 |+ -33)| 20-1) 14-9 

April 1-5 42-75 | 42-82 |+ -07|22°3/14-6|| Oct. 3-7 | 49-57 | 50:21 |4+ -64 | 21-4/138-5 

6-10) 43-44 | 48-73 |+ -29]| 20-7 | 14-9 8-12) 48-61 | 48-44 |— -17 | 20:0} 12-6 

11-15] 44°30 | 44-37 |4+ -07/ 20-7| 15-7 13-17) 47:55 | 47-40 |— -15 | 22-6} 13-1 

16—20| 45:08 | 45-28 }4+ -20/21-:0/16-1 18-22) 46:53 | 46:92 |4+ -39 | 22-7) 13-1 

91-25) 46-01 | 45-49 |— -52 | 22-9) 15-5 23-27) 45-44 | 45-43 |— -01) 21-0) 12-0 

26-30) 46:92 | 47-37 |4+ -45| 19-8) 16:3 28-1 | 44-54 | 44-54 00 | 23-2} 12-2 
May 1-5 47-79 | 48-21 |+ -42/19-0/17-1|| Nov. 2-6 | 43-55 | 42-90 |— -65|19-9| 11-1 

6-10} 48-70 | 48-14 |— -56| 20-5 /16°5 7-11) 42-69 | 42:22 |— -47/| 22-2) 10-6 

11-15] 49-64 | 48-60 |— 1-04 | 20-3 | 17-6 12-16) 41-79 | 41-26 |— -53 | 21-2} 10-9 

16—20| 50-55 | 50-69 |+0-14 | 21-5 | 17-5 17-21] 41-05 | 40-74 |— -31] 23-1] 11-2 

21-25) 51-49 | 52-34 |+ -85/ 20-2 | 16-7 22-26) 40°35 | 39:55 |— -80 | 23:8) 10-6 

26-30] 52°38 | 52:99 |+ -61)23-3/17-5 27-1 | 39-64 | 39-48 |— -16| 25-2) 10-0 

31-4 | 53-27 | 54:03 |+ -76|20-1]18-0|| Dec. 2-6 | 39-01 | 88:99 |— -02/25-8| 9-8 

June 5-9 | 54:08 | 54-41 |4 -33 | 22°9/17-5 7-11] 38-53 | 39-87 |+ 1:34 |24-7| 9-7 
10-14] 54:93 | 55-68 |+ -75|21-5|17-9 12-16; 38-00 | 39-89 |}+ 1-89 | 24-9] 9-9 

15-19 55-64 | 56:00 |+ -36|19-5| 17-9 17-21] 37-69 | 38-76 |+1-07/22-2| 9-7 

20-24) 56-36 | 56:39 |+ -03/18-8/17-7 29-26) 37-32) | 37-32 0:00/; 30:1) 9-7 

25-29) 56.96 | 56-81 |— -15| 21°7/17-7 27-31) 37-11 | 86-62 |— -49|26-7| 9-7 

30-4 | 57-50 | 57-39 |— -11/17-:0/|17-6 

64. In this Table I have included the five-day means of the “ fluctuation ” of 

, temperature for forty years for a given day, deduced as above; also the “ mean 

MOL: XX. PART It. 4x 
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daily range,” deduced from the average of all the daily extremes for twenty-nine 

years (1822-1850), during which self-registering thermometers were in use.* I 

shall make a few observations under each of these heads. 

(1.) On the inflections, or “periodic anomalies” of the annual curve, com- 

pared with the standard or computed values. 

65. Of these the most marked, indicated by the Curve and the Table last 

referred to, is an excess of temperature above the calculated or normal amount 

in the latter part of January and earlier part of February. This is a well-known 

and long recognised anomaly. In most European instances it affects materially 

the mean temperature of February, which is very commonly far too high, when 

contrasted with the general sweep of the annual curve. At Brussels, for example, 

M. Quetelet finds an excess in the temperature of February above the general 

curve of at least 1°5 Fahr. The same peculiarity may be noticed in the annual 

curves of London, Prague, St Petersburg, Vienna, and many other places, including 

even the Great St Bernard. If it is nearly insensible in the monthly means of 

Table XI. p. 346, this apparently arises from the anomaly occurring rather sooner 

at Edinburgh than in most other places, and therefore affecting the temperature 

of January fully as much as that of February. 

66. In connection with this anomaly, I may observe that it is apparently con- 

nected with an anomalous depression of the thermometer in the early part of 

January, of which it may be said to be the reaction. Although we have seen 

(Art. 57), that in the equalized curve of temperature the minimum is attained on 

the 17th January (and if two terms of the equation alone were used, it would be 

on the 22d), the average coldest day is very decidedly earlier in the month. 

This is well shown in both the detailed curve and the curve of five-day means. 

The 11th January is the average coldest day (Table [X.), and it is also the central 

point of an abnormal depression of temperature. The same thing is well marked 

in M. Quetelet’s curves, which coincide almost to a day with the preceding results.+ 

67. Of the other periodic inequalities of the annual curve we cannot speak 

with much confidence. Even after forty years’ observations, the casual fluctua- 

tions of daily temperature are far from being eliminated ; and for a period of ten, 

or even twenty years, very great uncertainty still remains, as may easily be con- 

cluded from a comparison of the numbers under each day in Table XII. for the four 

decennial periods. Perhaps the general depression of temperature in the month — 

of November, which is also traceable in the curves of Greenwich and Brussels, 

may be considered as a true periodic anomaly, at least in this part of the world. 

* The reductions of the daily range have been less scrupulously verified than most of the other 
computations contained in this paper, but any residual errors are hardly likely to affect sensibly the 
mean results. 

+ Since writing the above, I notice that M. Quetelet, at page 39 of his Memoir, expresses him- 
self as to this anomaly in almost the same terms that I have used. 
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A sort of reaction appears in a comparatively limited yet marked excess of tem- 

perature, during the middle fortnight of December. This excess is clearly indicated 

in every one of the four decennial periods. About the 12th May there is also a 

brief depression of temperature, which, so far, appears to confirm the existence of 

the three cold days (11th, 12th, and 15th May) mentioned by Humboldt,* which 

likewise seem to be indicated at Greenwich; but these deductions are of a descrip- 

tion not much to be relied on, and, after all, they most likely depend on causes 

more or less local. 

(2 and 3). On the “fluctuation” of daily mean temperature, and on the 

diurnal range. 

68. If we project, in the form of a curve, the fluctuation of the daily mean 

temperature for forty years included in Mr Aprr’s observations (as shown in 

column 5 of Table XIII.), we find a very remarkable variation with the season of 

the year. There appears to be the least casual fluctuation about the end of July, 

when it amounts to about 16° or 17°, and the maximum occurs nearly six months 

later, or about the middle of January, when it may be reckoned at between 28” 

and 29°. These periods coincide, it will be observed, nearly with the hottest and 

coldest seasons. It may be accidental, but I cannot help remarking, that for 

some days together these values of “ fluctuation” range remarkably low, and 

then for another short period as uniformly high. An example of this may be 

noticed in Table XII. for the latter part of December. 

69. The other element, the diurnal range, or mean daily difference of maxi- 

mum and minimum readings for twenty-nine years, gives us a curve of a nearly 

opposite form to the preceding, and much more regular. The minimum range of 

9°5 occurs in the end of December or beginning of January; the maximum of 

nearly 18° between the middle and end of June. 

Sect. 7. Remarks on the Price of Corn during Fifty-six years, as compared with 

Meteorological Data. 

70. It will be recollected that Sir William Herschel, when investigating the 

connection of the solar spots with terrestrial temperature, employed (though not 

without some reserve, and only in the absence of better data) the price of wheat 

as an indication of the heat or cold of different years. 

71. I thought it might be worth while to test roughly the applicability of 

such a scale of climate; and I even considered that it might be practicable to 

express the relation of the abundance of corn to the meteorological elements 

which might be expected chiefly to influence it. These expectations signally 

failed. But I think it may be instructive to record the failure, at a time when 

agriculturists are directing their attention to meteorology. 

* Cosmos, vol. i. note 86. 
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72. I decided to use the price of oats in the Edinburgh market as the fairest 

test of the state of the harvest, being at once the most abundant crop, and the 

one least likely to be affected by foreign importations and by fiscal enactments. 

In this view I was confirmed by two eminent agricultural authorities. 

73. To Mr Charles Lawson I am indebted for a table of the average price of 

‘oats of first and second quality, in the Edinburgh market for each year from 1795 

to 1850 inclusive (with the exception of the year 1805). The following Table 

contains the prices of the first quality, in chronological order, and the differences 

+or— (neglecting fractions of a penny) from the mean of the whole, which is 

18s. 11d. per boll of six bushels :— 

TABLE XIV.—Suowine THE PRICE OF OaTs (FIRST QUALITY) IN THE EDINBURGH MARKET, 

PER BoLL OF S1X BUSHELS, FROM 1795 TO 1850 INCLUSIVE. 

Difference Difference Difference 
from Mean. from Mean. from Mean, 

ce a srry af s. d. | si ds ad; 

1795 LOG + 0° 7 1814 18 8 |— 0° 8 || 18338 13 6 — 5° 5 
1796 Lar: a All| 1815 14 3 |— 38) 18384 la” 0 — sill 

1797 13 «6 — 55 1816 Jo: lil + 7° 0 1835 15°) (Oa SeSerel 

1798 14 0O — 411 1817 23.100 + 4° 1 1836 20.9 + 110 

1799 29 4 +10: 6 1818 25 O + 4° 1 1837 15 74 |— 3 4 

1800 535 ae +14: 3 1819 17 “6 — 1°45 1838 ZO BS AL 

1801 1G NG — 2°56 1820 16, 0 ie 1839 LS etaG — 05 

1802 15 6 — 3°95 1821 15 4 — 37 1840 14 74)/— 44 

1803 Le eG — 1°65 1822 15 0 — 31l 1841 14 74|);— 44 

1804 18 6 — 0:5 18238 20 9 ap 4 1842 14 3 — 4 8 

1805 bite 1824 Ie WO Noe heal 1843 15 9 — 32 

1806 20 0 te Alo It 1825 18 4 — 0:7 1844 67 3 — 2° 8 

1807 Oe a + 8 1 1826 Zo 9 + 610 1845 20 0 Pala 

1868 24 0 = Ee ae 1827 Vie Oi shot 1846 26 3 5 go a 

1809 De). tg) +10:10 1828 18" 6 — 0°45 1847 18 13 |— 010 

1810 180 — O11 1829 163 — 2:8 1848 14 3 — 4 8 

1811 Qa w0 + 4 1 1830 20 0O tte eal 1849 12> 3) |. =hGa8 

1812 él 6 12° 7 1831 lt .6 — 1:5 1850 13 6 — do 5 
1813 216 Se Qe] 1832 | oO i see 

| | Average, 18 11 

74. The next Table shows the seasons arranged according to the dearness of 

oats, or the reverse. 

Ee 
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TABLE XV.—COoNTAINING THE SEASONS ARRANGED ACCORDING TO THE PRICE OF OATS, 

BEGINNING WITH THE CHEAPEST. 

1} 1849 9.| 1848 | 17.| 1802 || 25.| (1803 || 33.| (1804 | 41.) 1836 | 49.| 1816 
Zi tio7 || 10.| 1796) 18.| 18387 || 26.)< 1819 | 34. {192 42.| 1838 | 50.| 1846 
3 | 180 11.| ( 1840 | 19.} 1848 || 27.| | 1831 || 35.| | 1889 | 43.) 1813 | 51.| 1807 
4.) | 1850 || 12. { 1841 | 20.; 1820 || 28.; 1824 || 36.) 1795 || 44.| (1811 | 52.) 1799 
5| 1798 || 13.| (1822 || 21.) ( 1829 || 29.| 1810 | 37.| (1806 || 45.|< 1817 || 53.| 1809 
6.) 1832 | 14.|< 1834 || 22. { 1844 || 30.| 1847 || 38.| | 1823 | 46.| | 1818 |) 54.| 1812 
7, 1815 || 15.| (1835 || 23.| 1801 |) 31.) 1814 | 39./) 1830 | 47.| 1808 || 55.| 1800 
8 aoe 1842 || 16.) 1821 | 24.| 1827 || 32.; 1825 || 40.| | 18465 | 48.) 1826 

75. If this Table be compared with similar ones of the different meteorological 

data in the earlier part of this paper, the complete discordance from all or any of 

these will be perceived. It is true that the cold years of 1799, 1800, and 1812, 

certainly coincide with periods of dear corn; but, on the other hand, we find 

them in close proximity with 1826 and 1846, the two hottest summers of the 

record. On the other hand, the cheapest years of the whole, 1849 and 1797, will 

be seen from Table X. to have been cold, late, and rainy. I have in that Table 

included the character of the season as one of cheapness or of scarcity, in 

anticipation of this comparison. 

76. It might be suggested that the abundance, or the contrary, of the crop of 

any year might be expected rather to influence the prices of the next than of 

that season ; but this supposition does not seem to reconcile the anomaly. ‘Thus, 

the cold years 1797 and 1849 were not only cheap years, but were succeeded by 

cheap years; and the hot summers of 1826 and 1846 produced not only high 

prices, but were succeeded by years of only average prices. 

77. With a view to test impartially the possible connection between prices 

and these elements of climate, I assumed that it might be possible to represent 

the price of oats in any year by a linear function of the following variables—viz., 

the mean temperature of the year, the temperature of the hottest month, and the 

fall of rain. I accordingly wrote out (without selection) those data for the follow- 

ing years of those for which I possessed complete records—viz., the three dearest, 

the three cheapest, the three years having the highest mean temperature, the three 

having the lowest mean, the three having the hottest summer months, and the 

three wettest years. I took the mean of the three years of the same description, 

and thus obtained six equations of a linear form, each containing three factors as 

multipliers of the meteorological elements, which factors were to be determined. 

It will show the extreme anomaly of the results that the mean of the three 
years of most rain showed a price of oats rather below the average, that the three 
hottest years were above the average. The six equations being solved separately 
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in two groups of three, each give constant factors of the meteorological elements 

so extravagantly wide of one another as not to be worth reporting. 

78. It may of course be said that the meteorological data affecting the 

harvest are mainly confined to one critical period of the year. It is also true 

that extremes, whether of heat or cold, drought or wet, are not favourable to 

abundant harvests.* Making all allowances, however, the results are exceed- 

ingly anomalous, and seem to show that the price of corn cannot be used to 

afford the slightest clue to the temperature or meteorological character of a given 

season. 

Postscript. 

I have already acknowledged the assistance which I have derived from Mr 

Grassick, and especially from Mr Batrour Stewart, in the preparation of this 

paper. I have farther to add, that Iam indebted to Mr Stewart for the pro- 

jection of the curves of Plates XVIII. and XIX., and to Mr Rosert Cram for the 

calculation of several of the Tables. 

* The same remark is made in page 39 of Mr Jenyns’ “‘ Observations on Meteorology,” a very 
carefully compiled work. It might be possible to include this view of the case by considering the 
prices to vary with the square of the departures of the meteorological elements from a certain 
amount most favourable to cultivation, but I find no encouragement to make a fresh calculation on 
this more complex system, 
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XIII.—Account of a Thermometrical Register kept at Dunfermline by the Rev. 

Henry Fergus, from 1799 till 1837, with the principal Results. By James D. 

Forsss, D.C.L., F.R.S., Sec. R.S. Ed., Professor of Natural Philosophy in the 

University of Edinburgh. 

(Read 6th March 1860.) 

1. When I found that the interesting meteorological register of Mr Apts, 

_ which is well fitted to throw light upon the climate of Edinburgh, and of Scot- 

land generally, was deficient of the important period of nearly sixteen years, 

from 1805 to 1820, I set on foot inquiries as to the existence of any other register 

of the thermometer which might approximately supply the defect. After some 

unsuccessful attempts, my attention was directed by Professor Dove’s useful 

temperature tables to a register of the thermometer kept by the Rev. Mr FErcus 

of Dunfermline, of which the monthly means, from 1805 to 1824, are given in the 

* Edinburgh Philosophical Journal,” vol. xiii. Though the distance of Dunferm- 

line from Edinburgh is thirteen miles in a right line, and though it occupies the 

opposite slope of the valley of the Forth, not far from the Ochil Hills, yet a slight 

comparison of the observations showed a very remarkable coincidence in its 

climate with that of Edinburgh, not only as regards the mean annual tempera- 

ture, but also in the distribution of temperature throughout the year. I therefore 

made an effort to obtain the original register from which the results published in 

the “ Edinburgh Philosophical Journal” were derived ; and through the kindness, 

in the first instance, of Mr Davin Larne of the Signet Library, | was brought into 

communication with the Rev. Joun Fereus of Bower, near Wick, in Caithness, 

son of the Dunfermline observer, who most kindly placed in my hands his 

father’s original register of the barometer, thermometer, and weather at Dun- 

fermline, extending from 1799 to the time of his death in 1837, all made with 

one instrument, and at the same hour daily (9 a.m.), with very remarkable 

regularity. 

2. During this long period of ‘time but one thermometer was used, and it is 

still entire, and now in my possession. 

3. From November 1802 until August 1837 the thermometer appears to have 

been constantly kept in the same exposure, which was rather a peculiar one, and 

which has been minutely described to me by the Rev. Joun Fereus. It was placed 

on the outside of an ordinary glazed window, in a staircase leading to an attic, 

with a north exposure. This window was above 34 feet wide, but, in order to 

avoid the window-tax, it was contracted externally by brickwork, so as to leave 
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in the centre of the lower part an unglazed opening 9 inches square, which 

admitted air freely to the interval between the brick wall and the window. 

The thermometer was suspended in this interval, into which the snow often 
drifted. 

4. The effect of this peculiarity of exposure would probably be to modify the 

extremes both of heat and cold, but (especially for observations taken at 9 a.m.) 

it was not likely to affect materially the mean results. 

5. The observations from May 1799 to November 1802, when the thermo- 

meter was moved into this position, seem (to judge by their results) to have been 

made probably within the house, and therefore I have not retained them in the 

following paper. Till August 1829 the observations were invariably made by 

Mr Fergus, senior, when the failure of his eyesight devolved them (I believe) 

upon some member of his family ; but they were still continued in all respects in 

the same manner until the commencement of September 1837, when the instru- 

ment was removed to a different situation in the town of Dunfermline, where it 

was rather exposed to reflected heat; and in 1842 it was transferred to a different 

part of the country. Two years later it was removed to Edinburgh, where I found 

it in April 1857, in the custody of Mrs Fereus, widow of the original observer 

who had begun to use it nearly 60 years before. That lady confirmed the history 

of the observations, and the fact of its being one and the same instrument which 

was used from the first. She kindly placed it at my disposal for the purpose of 

comparison.* I found it to be a spirit of wine thermometer by Kym, a very well 

known Edinburgh maker of the last century. The colour of the spirit was unim- 

paired (a circumstance very rare in modern thermometers), and the scale was of 

ivory clearly divided. Unfortunately the tube was fixed to the scale with thread 

in an insecure manner, so as to leave some uncertainty as to the precise reading. 

On a comparison with a standard thermometer, corrections to the scale readings of 

Knte’s thermometer were obtained within the limits of the monthly tempera- 

tures, and, by the aid of an interpolating curve, the following approximate cor- 

rections ascertained, which were then applied to the monthly averages calculated 

anew from Mr Ferevs’ MS. volume :— 

Corrections to Scale Readings of the Dunfermline Thermometer. 

At temp. 32 —0°5 At temp. 50 +0°6 
40 —03 55 + 0:9 
45 +01 60 +09 

* This lady died at an advanced age in the interval between the writing of this paper and its 
being read. 



1813 
1814 
1815 
1816 
1817 
1818 
1819 
1820 

1821 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 

Means,| 35°59 
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6. The monthly average temperatures to 1830 are contained in the following 

~ Table :— 

TABLE XVI.—DUNFERMLINE OBSERVATIONS CORRECTED FOR INDEX ERROR. 

351 
37°3 

37°3 

34:2 

27°7 
33°5 

37 8 
31:7 

372 
39°3 
33°5 
39-7 
38-2 
34:0 
34°9 
39°1 
33°0 
34:8 

Feb. Mar. 

35°8 | 39-6 
34:9 | 37:8 

85°6 | 41:3 

87:2 | 39°8 

36:1 34:8 

35°5 | 39-0 

88:3 | 41°7 

30°4 35:9 

86:9 | 42:1 

39:0 | 3571 

39:5 | 42°6 

35°1 37.5 

40°6 41:3 

84:6 | 36:2 

390 | 87:8 

35:8 36:2 

35°9 | 40°4 

89:5 | 38-9 

89°3 | 89°5 

40:0 41:3 

33°7 38'6 

38°8 | 38:2 

39:0 | 40-1 

41-4 | 39:9 

3071 Bale Tle 
39:3 41-4 

Ses) || axsiO) 

35:5 | 42°8 

SWPP OI 

April. 

45-3 
41:4 
45:8 
44-9 
43:5 
41-1 
39-9 
44-0 

44-4 
39:1 
42:7 
47°6 
45:0 
39°6 
43°6 
39°3 
44:0 
45:9 

44:8 
46:0 
42°6 
44:8 
44-6 
45°38 
44:2 
43-8 
40°7 
45-9 

May. 

48-9 
54-1 
48-7 
52-9 
49-8 
53°6 
53-4 
46:1 

dll 
48:9 
48-0 
48°3 
50°8 
492 
45°4 
49:7 
49°1 
50:0 

46:7 
51:8 
51:0 
50°2 
49-2 
51:9 
50:2 
51:4 
51:4 
51°6 

June. 

54:3 
59-3 

July. 

63-5 
60°8 
61-1 
59-3 
62:4 
63:3 
58-3 
57-4 

68°8 
56°71 
58:6 
09:0 
58:2 
50°3 
06°8 
60:2 
58°5 
579 

57-2 
58 6 
563 
58.9 
60:9 
63:0 
59:7 
58:7 
58:0 
59:1 

43°56 | 50°12} 56:40) 59°14 57°31 

Sept. Oct 

52-7 | 47-6 
55:8 | 48-4 
56:2 | 46:0 
54-7" | °50°S 
47°7 | 48°8 
53:5 | 43-1 
53:6 | 52:3 
54:8 | 49-5 

53:4 | 50-7 
53-4 | 46-9 
53°3 | 44-1 
54:1 | 45-0 
53:0 | 47-6 
50:7 | 46-1 
53:3 | 41:6 
52-4 | 52:4 
53-0 | 45-6 
51-2 | 43°6 

539 | 48-4 
50°6 | 47°5 
52-2 | 45-2 
53°3 | 45-4 
56:3 | 48:8 
53-6 | 49-1 
553 | 50:3 
54:5 | 47-9 
49-9 | 46:6 
52-2 | 49-2 

53:16| 47-43 

39°1 

42:7 

38°3 

38°6 

39°6 

37-2 

Mean Temperature of the year, 46°40. 

I do not consider these results to be of a high scientific character, but yet to be so 

carefully and continuously made as to be well worthy of preservation. I think, 

also, that the history I have given of the recovery of every particular respecting 

the observer and the observations, through the testimony of an eye-witness, 

together with the recovery of the original register and of the original instrument, 

is a circumstance worthy of note, as an encouragement to trace such data to 

the best procurable authority. 

7. In order to render the observations fit for the purpose for which I had 
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sought them out—namely, to supplement the deficient years of Mr Apir’s series, 

I availed myself of the ten years 1821-30, which were common to both series, 

and by finding the differences of the wncorrected Dunfermline temperatures from 

those of Edinburgh, I used them to deduce for Edinburgh the temperatures of the 

years 1805-20. This I have more fully explained in my paper on the Climate of 

Edinburgh. 
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XIV.—Description of Asafetida Plants (Narthex Asafoetida, Falconer) hich 

have recently borne Flowers and Fruit in the Royal Botanic Garden of Edin- 

burgh. By J. H. Batrour, A.M., M.D., F.R.SS. L. and E. (With two Plates, 

XX. and XXI.) 

(Read 30th April 1860.) 

_ By means of my correspondents abroad, and more particularly through the 

kind offices of Dr Curisrison, I have been enabled from time to time to cultivate 

in the Botanic Garden some of the rarer plants of the Materia Medica. Several 

of these, such as the Jalap plant, the Quassia, and the Aconituin ferox, have been 

already described and figured by me. The present is an interesting addition, and 

at the suggestion of Dr Curistison I have brought it under the notice of the 

Royal Society. 

Since the time of K.amprer, who visited Persia in 1687, Asafoetida has been 

known to be the produce of an umbelliferous plant. The name is derived from 

Asa, the Persian word for a staff or cane, with the addition of a Latin word 

indicating its odour. Some suppose that Asa is a corruption of the word Laser 

or Lasar, used by Piixy to indicate the plant. Several plants have been supposed 

to yield this article of Materia Medica, and it is probable that it is furnished by 

at least two distinct species of ferula :—1. Ferula Asafeetida of Linnzeus, or Nar- 

thex Asafotida of Falconer; and 2. Ferula persica of Willdenow. Both these 
plants have been cultivated in this country for some time. Two roots of the 

latter plant were sent to Edinburgh in 1778, by Dr Gururie of St Petersburg, 

as the true Asafcetida plant. They had been collected by Pauuas, on the moun- 

tains of the province of Ghilan, on the southern border of the Caspian, in the north- 

west of Persia. Both roots were planted by Dr Joun Horr, Professor of Botany, 

in the open ground of the Edinburgh Botanic Garden. One of them died, but the 

other bore flowers and fruit. A drawing was made of the plant by Mr Fire, 

which was published in the 75th volume of the “ Philosophical Transactions of 
the Royal Society of London,” along with a description of the plant by Dr Horr. 

Ferula persica is figured in “ Curtis’s Botanical Magazine,” plate 2096. The 

plant has flowered and fruited frequently in Britain. The former species, or the 

F. Asafetida of Linnzeus, had never done so in any part of Europe till the year 

1858, when two specimens flowered in the Botanic Garden here. This species 
was found by K amprer, growing in the province of Laristan towards the Persian 

Gulf, not far from Gambroon, and near the territory and town of Disguun; and 

he also states that the plant grows on the eastern confines of Persia, in the pro- 

vince of Khorassan near Herat. Kauprer speaks of it as ‘‘ Umbellifera Levistico 

affinis, foliis instar Peeonia ramosis; caule pleno, maximo; semine foliaceo, nudo, 
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solitario, Brancee ursinee [ Angelicze] vel Pastinacee simili; radice asam foetidam 

fundente.” Since Kzmprer’s time it has been found in various parts of Persia by 

European travellers. Sir Witi1am HooKer, in speaking of the vexed question as 

to the origin of the various Asafcetidas, says :*—“ Referring to our herbarium, we 

find various plants (varieties, genera, or species), all yielding the Asafcetida of 

commerce, or an entirely similar gum-resin :—1. Dr Fatconrr’s Narthex Asafetida 

(leaves, fruit, and root) from Tibet. 2. A very similar one, collected by Drs Fat- 

CONER and THomsoN, in the southern damp valleys of the same mountain (and 

elsewhere in Kashmire) in whose northern dry valleys Fauconrr obtained his 

Narthex; also, by Dr Tomson in Piti (Tibet). 3. A flowering specimen gathered 

in Turkistan by Dr Lorp (19th April 1838), and given to Dr Fauconer. 4. Leaves 

and roots of a quite similar plant sent by Dr Srocxs from Doobund in Beloochi- 

stan, as the Asafcetida of commerce. 5. Another similar plant from the banks of 

the Zenderad, in the Baktiyari mountains of Persia, collected by the late W. 

Lortus (June 7, 1852), of which excellent specimens are in the British Museum. 

6. The Scorodosma fetidum of Bunge (characterised generally by the absence of 

vittze), collected by M. BorsczHow in sandy places on the steppes east of the 

Caspian, where it attains a height of 9 feet. Of this plant we know the fruit, 

root, and stems, but not the leaves. BorsczHow believes it to be the Khorassan 

plant of Kzmprer, and of which fruits are in the British Museum. 7. Imperfect 
specimens of an oriental umbellifer from Aucher-Eloi and others, which may be- 
long to some of the above.” 

Among the plants in the Edinburgh Botanic Garden, there is one raised from 

seeds sent by Mr Lorrus which resembles the Narthex much in its leaves, but 

which has not produced flowers. It was received under the name of Dorema 

Asafotida. The leaves of this plant, in the young state, have no fcetid odour 

when bruised. 

In 1838 Dr Fatconer saw the Narthex growing in a valley to the north of 

Kashmire, and afterwards cultivated it in the Saharunpoor Botanic Garden. Sir 

Joun M‘NEILL in 1839, sent home seeds of an Asafoetida plant from Herat. These 

seeds were given to Dr Granam by Dr Curistison. The Astore seeds were sent 

by Dr Fauconer himself to the Botanic Garden. All these seeds were sown, and 

there was some difficulty in saying which of them germinated. The late Mr 

M‘Naz thought that the plants were raised from Fauconer’s seeds. The latter 

says that from an examination of an umbelliferous fruit in the Roylean Herbarium 

(now at Liverpool), labelled as being the seeds of the wild Asafoetida plant, col- 

Jected and transmitted by Sir Joun M‘Nerut from Persia, he is disposed to think 

that it is quite different from Narthex and Ferula, and belongs to another tribe 

in the order. Through Dr Curistison’s kindness, I have obtained specimens of — 

the fruits sent to him by Sir Joun M‘Nemt, as well as those sent by Dr Fatconzr 

* Botanical Magazine, Description of Table 5168. 
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(all of which are in the Materia Medica Museum of the University), and on exami- 

nation lam disposed, with Dr Fatconrr, to look upon the former as distinct 

from the latter. The fruits of the plants in the Botanic Garden agree completely 

with those sent by Dr Fatconer, and differ somewhat from those sent by Sir 

JoHN M‘NEILL. 

In 1840 another locality was found for this Asafoetida plant, by the expedi- 

tion of Lieutenant Woop to the sources of the Oxus. This is situated in Syghan 

near the western termination, and on the northern slope of the Hindoo Koosh 

range of mountains, about twenty miles north of Bameean. Burnes, in his “Travels 

into Bokhara,” vol. ii. p. 248, says:—“ At an elevation of 7000 feet, on Hindoo 

Koosh, we found the Asafcetida plant flourishing in great luxuriance. It grows 

to the height of eight or ten feet, when it withers and decays. The milk which 

exudes is first white, and then turns yellow and hardens, in which state it is put 

into hair bags and exported. In the fresh state it has an abominable smell, yet 

our fellow-travellers greedily devoured it.” 

The seeds sent to the Edinburgh Botanic Garden were carefully reared by the 

late Mr Witt1am M‘Nap, the superintendent. In 1842 these seeds germinated, 

but the shoots merely appeared above ground, and then seemed to die. Mr M‘Nas, 

however, did not give them up for lost. He would not allow the earth under 

the frame to be dug up, and determined to give them another year’s trial. Ac- 

cordingly, next summer new shoots appeared, and from them the stock of plants 

in the garden has been derived. Ever since that time the plants have sent up a 

vigorous crown of leaves in early spring, but these have withered by midsummer, 

and without any symptoms of flowering. The crown of the root, however, con- 

tinued to increase annually, and in some of the specimens it attained a diameter 

of four inches or more. Year after year the flowering of the plants was looked 

for; but this event did not take place till 1858, when two plants which had been 

transplanted in the spring of 1857 showed, very early in spring, evidence of 

pushing up a flowering axis. Dr Fautconer, who saw the plants some years 

before, thought that the delay in flowering might be caused by the too luxuriant 

growth of the roots, and he suggested that the process might be accelerated 

by cutting the roots. It is probable that the warm summer of 1857 tended to 

mature the plants and increase their vigour. The flowering plants did not, as in 

previous years, produce large radical leaves. The shoots sent up by them con- 

sisted entirely of an axis covered by large yellowish-green membranous sheaths, 

which speedily reached a height of from one to two feet. Flowering branches 

then began to show themselves in the axils of these sheaths, which are 

enlarged petioles or pericladia embracing the stems and covering the flower- 

buds. In the lower part of the axis, the sheaths produced at their extremity 

peeony-like leaves, much smaller than the ordinary stem leaves. The size of the 

leaf-laminze diminished in proceeding upwards; and finally, leafless sheaths were 
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produced, which became reduced in size, and ultimately disappeared as the terminal ° 

umbels were reached. Mr M‘Nas furnishes the following particulars :—The plant 

which flowered in 1858 had been growing vigorously for many years. It had 

been transplanted on 10th March 1857, and had been protected with glass during 

winter. On 15th February 1858 it first showed symptoms of flowering, by shoot- 

ing up a large round ball of a greenish-yellow colour, with a few short leaves 

rising from it. On the 19th of March the plant had assumed a peculiar club- 

shaped appearance, twenty-one inches high, and fifteen inches in circumference 

at the top. This appearance is well seen in some of the photographs taken by 

my friend Mr W. Waker, Fellow of the Royal College of Surgeons of Edinburgh. 

About the 22d of March the sheaths began to unfold themselves, and expose 

dense clusters of flowers; and at this stage the daily growths became very con- 

spicuous. When it reached the height of about two feet, it was freely exposed 

to the air, but protected from wind,—and for some time without injury, though 

the temperature of the night was almost regularly under that of freezing. 

The following are the measurements made :— 

From 8 a.m. of the 22d March to 8 a.m. of the 23d, growth 4 inches. 
Do. 23d do: do. 24th do. 42 do. 

Do. 24th do. do. 25th do. 4i do. 
Do. 25th dv. do. 26th do. 34 do. 

Do. 26th do. do. 27th do. 2% do. 

Do. 27th do. do. 28th do. 14 do. 
Do. 28th do. do. 29th do. 54 do. 
Do. 29th do. do. 30th do. 6% do. 
Do. 380th = do. do. 31st do. 22 do. 

The upward growth was less marked after this, and at the same time the lateral 

branches (twenty-nine in number) increased much in length. On 7th April 1858 

the plant was 5 feet 7 inches in height, and the branches 36 inches in diameter 

of spread. The plant attained the height of upwards of 10 feet, and produced 

abundance of flowering umbels, when it was destroyed by a sudden severe frost 

on 13th April,—the temperature falling to 22° Fahr. in the night. 

An opportunity had been afforded, however, of taking photographs of the 

plant in its different stages of growth, but unfortunately the fruit was not 

developed so as to allow of its characters being recorded. 

In 1859 other Asafoetida plants produced flowers, and one specimen in parti- 

cular, which had been planted for five years in the open air, in front of the Orchid 

House, grew most vigorously. It showed symptoms of flowering at the end of 

February, long before any of the non-fiowering specimens had produced leaves. 

The flowering axis shot up, as in the former case, from the underground stem, 

without developing the usual large radical leaves. In order to secure the plant 

against frost a glazed wooden frame, about 8 feet high, was erected around it, 

and a connection was established with the adjoining stove, so that a moderate 

heat might have been supplied in the event of intense frost occurring during night. 
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This, however, was not necessary. The plant was thus protected from the 

effects both of very high winds and of cold. On the 13th April, or in about forty- 

five days, it had attained the height of 7 feet 8 inches. From the 2d to 13th 

April, the total growth was 30 inches. The first anther was obse rved fully 

developed at 11 a.m. on 7th April, and in the course of that day the anthers 

expanded by hundreds. The plant produced about forty-five compound umbels, 

some of which were 5 to 6 inches across. The plant progressed well and yielded 

a large quantity of fruit, which has been partly distributed to botanic gardens in 

various parts of the country, and has also been sent, by request, to M. DEcAISNE, 

of the Jardin des Plantes in Paris; to M. PLANcHoN and M. Cuartes Martins, 

at Montpellier; to Dr Recent, St Petersburg; and to M. Van Hourre at Ghent. 

The seeds of this plant germinated freely in the Edinburgh garden in the spring 

of 1860. 

The Asafoetida plant belongs to the Natural Order Umbelliferze, Section 

Peucedanez, and to the Class Pentandria, order Digynia of Linnazus. The 

plant was referred by Linnzus to his Genus Ferula, but Dr Fauconer thinks 

that the character of the vittze, combined with the obsolete limb of the calyx, 

and the absence of any involucre are sufficient to constitute a new genus, 

which he has named Narthex, from the word »%e672, applied by Dioscoripes to a 

species of Merula (Dioscord. lib. ili. cap. 75). Hooker and Bennerr, however, 

consider the characters of the vittze of little value, when unaccompanied with 

others of importance. The former says,—“ The number and length of the vittz 

vary extremely in the specimens examined. The habit of the species is entirely 

the same with that of various Ferulas, which themselves vary greatly in habit 

and vittze. We may add, that the individual species or varieties further differ 

in the smoothness or pubescence of their leaflets, their entire or serrated margins, 

in the shape of the mericarps, and in the position of the smaller umbels of male 

flowers, which are often extra-axillary. Plants growing in arid climates (and, like 

the Narthex, on the borders of moist ones) are eminently variable, both as to 

sensible properties, form of organs, and habit; and we suspect that the discre- 

pancies between the specimens and descriptions of several of the plants yielding 
Asafoetida may be attributed to climate.’’* 

The following are the generic characters,;—Calycis margo obsoletus, vel 

5-denticulatus. Petala oblonga, apice unica inflexa. Stylopodium, plicato-urceo- 

latum. Siyli, reflexi. Fructus, a dorso plano-compressus, margine dilatato. 

Mericarpia, jugis primariis 5, 3 intermediis filiformibus, 2 lateralibus obsoletiori- 

bus margini contiguis immersis. Vditw, in valleculis dorsalibus. plerumque 

solitarize (lateralibus nunc 13—23 vittatis) ; commissuralibus 0—6, variis. Semen, 

complanatum. Genus inter Peucedaneas, fructiis vittis magnis, commissurali- 

busque inzequalibus, et involucro utroque nullo distinctum. 

* Hooker, loc. cit. + Fatconer, in Linn. Trans.xx. 285. 
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Narthex Asafoetida.—Herba gigantea Tibetica; radice crassa, fibris intertextis 

rigidis coronata; caule robusto, ramoso; foliis bipinnatis, laciniis lineari-oblongis 

obtusis, integris vel sinuatis, decurrentibus, glabris vel pubescentibus; petiolis latis, — 

amplis, vaginantibus, ventricosis, interdum aphyllis; umbellis compositis; involucris 

nullis; floribus flavis, interdum unisexualibus vel sterilibus. It is probably Asa- 

fetida Disgunensis, or Hingisch of Kamprer, Amoen. Exot. p. 535. Ferula Asa- 

fetida, Linn., Mat. Med. p. 79; D.C. Prod. iv. 173; Linpt., Fl. Med. p. 45. 

The plant grows in sunny spots among stones, in the valley of Astore or 

Hussorah, near the Indus, beyond Kashmire. Fatconerr gathered it in fruit near 

Boosthon, on 21st September 1838. By the Dardohs or Daradri it is called Sip 

gr Sup, and the young shoots are employed as a culinary vegetable. 

The following description is taken from the plants which were grown in the 

Botanic Garden,—Herbaceous plants attaining a height of between 9 and 10 feet, 

and giving out a strong alliaceous odour when any part is bruised. Flowering 

stem erect, terete, striated, about a foot in circumference at the base, giving off 

flowering branches bearing compound umbels. After the plant flowers and fruits 

it dies, but the period of flowering is often long delayed. In the case of the plants 

in the Botanic Garden it was postponed for sixteen years. It is therefore a 

monocarpic plant, with the period of flowering indefinite. The cotyledons are. 

linear, from 2 to 24 inchesin length. The roots are large and thickened, fusiform, 

dark-coloured externally, and white within, about a foot and a half in length, — 

and about a foot in circumference at their thickest part, exhaling a very strong and 

enduring asafoetida smell. Some of them were laid for a few weeks in a room last — 

year, and, although removed five or six months ago, the odour still remains. The 

crown of the roots is covered with a mass of fibrous matter. During the first year — 

of growth, the root attains the thickness of the thumb. It continues to increase ~ 

annually, and sometimes attains the thickness of a man’s calf, or even his thigh. — 

The radical leaves, which are the only ones produced on non-flowering specimens, — 

are about 18 inches in length, but in flowering specimens they are smaller; they 

are bipinnately cut, and have a pzeony-like appearance; the segments are linear, 

ligulate, and obtuse, entire or sinuately lobed. The lower leaves in the fruiting 

plant had compound laminz 13 or 14 inches long, borne on evident rounded 

petioles, which, at the base, had short sheaths, nearly surrounding the whole — 

stem; the lowest four leaves did not bear umbels in their axil; all the rest did. 

In proceeding upwards on the flowering stem, the laminz diminished in size, while 

the sheathing part of the petiole or the pericladium increased—the laminze becom- 

ing 3 or 4 inches long, the sheaths 7 to 9 inches in length by 8 in breadth. In 

the upper part of the axis the sheathing petiole represents the whole leaf; and 

the sheaths near the top are reduced to abortive membranous scales, about 1 inch 

in length, and finally disappear, when the umbels at the summit are reached. | 

The large sheathing inflated petioles gave a peculiar character to the plants. 
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The petioles divided in a trifurcate manner. From the axils of ‘the petioles com- 

pound umbels were produced. The largest flowering branch was 19 inches long, 

and the others varied from 6 to 12 inches. The umbels had neither involucre 

nor involucel. The rays of the general umbels varied in length from 2 to 24 

inches, and in number from thirty to fifty. Besides the fructiferous umbels, there 

were others below them which appeared first in a globular form, and the flowers 

of which were unisexual, usually male, and sterile. The peduncles bearing these 

barren umbels were very long, and they sometimes exhibited small bractlets at 

their base. Similar bractlets were seen occasionally on the other peduncles. The 

limb of the calyx was obsolete—a mere rim with five slight projections or denti- 

cular points; petals yellowish, somewhat ovate, entire, one of them with the point 

inflexed. In the barren flowers, the petals were oblique and unequal, and acute 

at the apex. Stylopode urceolate and plicate, with asinuous margin. Styles fili- 

form, at length recurved and deflexed. Fruit, with single vittz in the dorsal 

valleculz; occasionally in the lateral valleculze the vittze were more than one, 

and divided. 

The Asafoetida plant grows in a very dry climate. Besides the gum-resin, 

Fatconer states that the fruit of Narthex is imported into India from Persia and 

Affghanistan under the name of Anjoodan, being extensively employed by the 

native physicians of India. Anjoodan or Andsjudaan and Halteet are the terms 

* applied to the seed of Heengseh or Hingiseh by AvicENNA, and used by the Indo- 

Persians and Arabic writers generally in describing the Asafoetida plant. 

The gum-resins procured from umbelliferous plants were in high repute in 

ancient times, and they are noticed by ancient authors. One of these is Gal- 

banum, the Chelbenah of Scripture, used for compounding various ointments; 

another, Opoponax, the produce of a plant called Tlavazes ‘Heaxaesov, by Dioscor- 

IDEs; a third, is Sagapenum, described by the same author as being furnished 

by a species of Ferula ; a fourth is Ammoniacum, yielded by a plant called Aga- 

syllis; anda fifth is the gum-resin, now under consideration.* There was also a 

gum-resin, called by the Greeks ores xveqvaixog, or Cyrenaic juice, which appears 
to have been the produce of an umbellifer called Thapsia Sylviwm. Pury, in re- 

ferring to this says, “ Laserpitium, quod Greeci 2+Agsoy vocant, in Cyrenaica pro- 

vincia repertum ; cujus succum vocant Laser.”} There appears, however, to have 

been another Laser; for Puiny says, ‘“ Diuque jam non aliud ad nos invehitur 

Laser, quam quod in Perside aut Media et Armenia nascitur large, sed multo 

infra Cyrenaicum.” This Laser of Persia is by some supposed to be the Asafce- 
tida. AvIcENNA, in his ‘“‘ Canon Medicine,” says, that there are two species of Asa 

or Laser, “quarum una est foetida, et alia est odorifera non fortem habens 

odorem.” + 

* Dioscorides lib, iii. ¢. 94, 95, 97, 98. } Pun. Nat, Hist. xix. c. 15. 
t Avicenna, lib, ii. tract 2, c. 53. 
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Asafoetida is got by incision, cuts, and slices, taken from the top of the root 

of Narthex. The stem yields also a milky juice, which, when allowed to flow, 

concretes into clear tears, having a very strong foetid and enduring odour. The 

whole plant, especially when bruised, exhales a strong garlic odour. The smell 
of the flowers, when expanded, is of a sweetish honey-like nature, resembling 

that of Galium verum. The ripe fruits have the asafoetida odour when bruised, 

and retain it at least for eighteen years. Nevertheless, the cotyledons and early 

leaves of the growing young plant are not foetid, although they contain a milky 

juice. The young root has a bitterish taste. 

DESCRIPTION OF THE PLATES. 

Pirate XX. 

Nartuex Asararipa, Falconer, 

Fig. 1. Plant of Narthex Asafotida much reduced in size, showing ventricose sheathing petioles or 
pericladia, bearing pinnately-divided laminz, and giving origin to numerous compound 
umbels. Fig. 2. Perfect flower, with adherent calyx, having an obsolete 5-lobed or 
5-toothed limb, five oblong yellow petals, one of them having an inflexed point, five 
stamens, an epigynous disk, and two styles slightly recurved. Fig. 3. Sterile male flower, 
having five stamens and a rudiment of the pistil, with unequal and somewhat ovate yellow 
petals. Fig. 4. Ovary, with epigynous limb of calyx, which exhibits five denticular 
points ; disk, and two recurved and deflexed styles. Fig. 5. Young germinating Asafctida 
Plant, with two linear cotyledons and primordial leaf. 

Prats XXI. 

Fig. 1. Portion of hollow stem of Narthex Asafetida, bearing an amplexicaul inflated petiole or peri- 
cladium which is terminated by a pinnately-divided lamina, and gives origin to a peduncle 
with a large fertile compound umbel, and three smaller rounded unisexual or sterile ones. 
Fig. 2. Cluster of Cremocarps or Diachenia. Fig. 3. Mericarps magnified, showing dorsal 
and commissural surface. The margins are winged, and the juga are represented, with the 
vallecule and vitte. Fig. 4. Transverse section of a mericarp, showing winged margins, 
vallecule, vitte, juga, and albumen, 
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XV.—On the Constitution of Oil of Cajeput. By Maximitian Scumipt, Assistant 

to Professor ANDERSON in the Laboratory of Glasgow College. 

(Read 17th April 1860.) 

The constitution and properties of the essential oils attracted considerable 

attention during the earlier period of the investigations in organic chemistry, and 

several of them have contributed in no small degree to the development of the 

general doctrines of that department of the science. A majority of these sub- 

stances, however, may be said to be still almost unknown, all the information we 

possess regarding them being restricted to a single analysis, made on what was 

obviously a mixture, or to a few observations of a general and often indefinite 

character. The complex nature of many essential oils, and the want of experience 

and easy processes for the separation of their constituents, have hitherto deterred 

chemists from attempting their minute examination, but the progress of the 

science has increased our knowledge of the methods of investigating these sub- 

stances, and renders it important that their true constitution and position in the 

chemical system be definitely fixed. With this object I have taken up the investi- 

gation of Oil of Cajeput ; our information regarding which is confined to a single 

analysis made by BLANCHET and SELL, some five and twenty years ago. 

Oil of Cajeput is prepared in the East Indies, by distilling along with water the 

leaves of Melaleuca Leucadendron ; it was formerly used to a great extent as an 

external and even internal medicine, but has now become more or less obsolete, and 

is seldom met with in a pure or unchanged state, except in the hands of wholesale 

druggists. As introduced into Europe, it possesses a light-green colour resembling 

a dilute solution of chloride of chromium, which is caused by a resinous colouring 

matter dissolved in it, but in so small a proportion, that I have hitherto failed to 

obtain it in sufficient quantity and pure enough for elementary analysis. I sus- 

pected, in common with other observers, that this coloration might be due to a salt 

of copper; but although I always detected this metal in the crude oil, by treating 

it with nitric acid, when, after its total destruction, the blue nitrate of copper 

was left behind, or by the still simpler process of passing sulphuretted hydrogen 

through the oil, when a black precipitate of sulphuret of copper was immediately 

formed; I nevertheless satisfied myself that it possessed a green colour of its own; 

since, after the removal of the sulphuret of copper, it exhibited the same appear- 

ance, and, on distillation, the latter fractions which passed over had a decided 

green colour, which could not be due to any salt of copper, as none of its com- 

_ pounds volatilise at the temperature at which these fractions distilled; nor 
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could I then by any reagent or operation detect the presence of copper, as I did in 

the crude oil. 

The fact, however, that copper almost invariably is found in the crude com- 

mercial article, can only be accounted for, either by the use of a copper head in 

the distilling apparatus of the Indians, or by intentional adulteration employed 

in order to preserve the green colour of the oil, which it otherwise, as I have 

convinced myself, loses when in process of time oxidation takes place, in conse- 

quence of which a reddish brown colour is produced, which is said to make the 

article, for medicinal purposes, less saleable. 

The Specific Gravity of the Crude Oil at 10° C.=0°926.—It does not solidify 

at — 25° C.; its taste is pungent and aromatic; its smell only pleasant when 

diluted, but very disagreeable when concentrated ; it is soluble in all proportions 

in alcohol and ether. When submitted to distillation, it becomes turbid at 120° 

C., and acquires a yellowish brown colour; at 175° C., it commences to distil 

over, and before the thermometer indicates 178°, nearly two-thirds of the oil 

have passed over, the fluid collected being limpid and perfectly colourless ; from 

178° to 250° C. the mercury rises gradually, without showing any distinct boiling 

points. The fluid passing over between this long interval changes gradually — 

from a pale yellowish colour into darker shades, approaching always more and 

more to green, until at last the fraction between 240° to 250° C. becomes of a dark 

untransparent green colour. 

At 265° C. the retort is almost dry, retaining some metallic copper mixed with 

carbonaceous and resinous matter, which, when treated with ether, imparts to this — 

reagent a green colour, and on evaporation of the latter a green resin is left be- — 

hind, which is soluble in the rectified fraction (boiling at 175° C.), and thereby 

able to restore the coloured appearance of the original oil. 

Whether the fractions beyond 178° C. be special and pre-existing constituents 

of the crude oil, or mere products of decomposition, and therefore of changeable — 

character, I am as yet not able to state, since the results of operations performed 

with them are either contradictory as to this effect, or not yet sufficient to coun- — 

tenance the one or the other of these opinions; but still, in the course of time, 

and in a second paper, I hope I will be able to give some satisfactory accounts 

about them. | 

Most of my operations are therefore confined to the first large fraction, boiling 

at 175° to 178° C. ; in particular cases, however, which I shall endeavour to specify, 

the crude oil has been employed. 

I. BIHYDRATE OF CAJPUTENE, C,, H,,+2HO. 

I commenced my experiments by agitating the rectified fraction with bisul-— 

phate of soda, by means of which I satisfied myself of the absence of aldehydes 

and other bodies, capable of combining with that substance. And as, from the 
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fixed boiling point, there could be no doubt that this fraction consisted only of 

one substance, I at once proceeded to its elementary analysis, after having had 

it rectified four times, and well dried over chloride of calcium. The following are 

the detailed results :— 

(a) 2°60 grains of substance gave. : f 7:42 CG, 2:79 HO. 
(6) 3:29 3 if 5 F 3 9°22 CO, 3°48 HO. 

J B. 
_ —_—_—_ —— 

Carbon, 3 : : 5 77:83 77:86 77:92 
Hydrogen, . : : ! 11°92 11-91 11°68 Theory. 
Oxygen, : ; ‘ : 10-25 10:23 10-40 

10000 100:00 100-00 

These results agree with those of Messrs BLANcHET and SELL,* who found Oil 

of Cajeput to consist of 77:92 carbon, 11°69 hydrogen, and 10°39 oxygen, to which 

they applied the name of Hydrate of Dadyl. 

In order, therefore, to fix its rational formula, I then proceeded to determine its 

vapour density, of which the following are the details :— 

Temperature of air, , f ; 14° C. 
Temperature of vapour, : ; ; 85° C. 
Excess of weight of balloon, : . 0°580 grm. 
Capacity of balloon, : : . 200-00 C.C. 
Residual air, : : ; : ae 
Density of vapour . : : : 5°43 

The formula C,, H,, 2HO requires— 

20 volumes of carbon, : ; : 3) 20,x0:831 =16°620 
18 a hydrogen, , : . 86x 0:0693 = 2-490 
°y 3 oxygen, . : : : . 2x1:050 = 2:100 

ONLI 

21:21 : 4 = 5°80 theoretical result. 

From the close agreement of the experiment with the theory, I could not 

hesitate to represent Oil of Cajeput by the formula C,, H,, O,; and, induced by 

reactions of the substance, to be mentioned hereafter, I assigned to it the name of 

Bihydrate of Cajputene,} thereby indicating its resemblance with Oil of Turpentine, 

in comparison with which it possesses (besides Cz. H1,) two additional equivalents 

of water. 

Physical and Chemical Qualities and Reactions of Bihydrate of Cajputene. 

The specific gravity of this substance at 17° C. is = 0°903; it boils constantly 

at 175° C., and is soluble in{alljproportions in oil of turpentine, alcohol, and ether. 

* Annalen der Pharmacie, vii. 162. 
{ In order to avoid long words I write Cajputene and not Cajeputene, thus rendering the “j” 

half mute like “ i.” 
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When exposed in a moist state for a considerable time to atmospheric air, it 

changes into a reddish fluid, showing at last a pretty strong acid reaction to lit- 

mus paper. 

In contact with an aqueous solution of potash a soluble salt is formed, the acid 

of which is precipitated by hydrochloric or sulphuric acid as a resinous substance. 

When dropped into melted potash, a compound is formed which is soluble in 

water and decomposed by a strong inorganic acid ; the precipitate being also a resin. 

When treated at high temperature with sodium, a crystalline mass is produced, 

which is soluble in water and alcohol, and consists of soda and an organic sub- 

stance; the latter being likewise separable by strong acids (organic and inorganic), 

as a resin of a very agreeable smell. 

If the vapours of the oil be passed through a combustion tube filled with soda- 

lime and maintained at a red heat, an oily product is formed, which is obtained in 

a receiver suitably connected with the tube. This product possesses a peculiar 

smell, entirely different from that of the original substance, and a bright yellow 

colour; the soda-lime itself is thoroughly blackened with charcoal, and on the ad- 

dition of an acid, it evolves copiously carbonic acid, thereby indicating that some 

decomposition must have taken place in the oil when passing through the tube; 

the analyses of the changed product will follow afterwards. 

Bihydrate of cajputene does not seem to be changed when digested with per- 

oxide of lead. 

If the oil be distilled over permanganate or bichromate of potash in the presence 

of dilute sulphuric acid, a thick resinous fiuid is produced. 

Fuming nitric acid acts very violently on the oil, red fumes of nitrous acid 

being evolved even in the cold, and an abundance of oxalic acid being formed. 

Commercial nitric acid produces the same effect at boiling temperature; at ordi- 

nary temperature, however, it acts slowly, converting the oil into a thick red fluid. 

Fuming sulphuric acid entirely changes the molecular condition of the oil, even 

if the latter be kept during the operation immersed in ice, a thick brown fluid 

being formed, which boils beyond 360° C. 

Commercial sulphuric acid acts at low temperature very slowly on the oil, so, 

that after four or five hours little or no change is observed if the acid be removed 

and the oil well washed; but if the temperature be allowed to rise, either by 

artificially employed heat, or by continued unchecked chemical action, sulphurous 

acid is given off, blackening of the oil commences, and may even go on to total 

destruction of the substance. This can be avoided by caution, and then a 

sulpho-compound will be formed, which gives with baryta a soluble salt. 

Dilute sulphuric acid acts most curiously on the oil, since, in the opposite 

manner to the fuming and commercial acid, it not only does not deprive the oil of 

its two equivalents of water, but causes the formation of a crystalline substance 

which possesses four equivalents of water in addition to the two original ones. 
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' Anhydrous phosphoric acid deprives the oil of its two equivalents of water, 

when heated along with it. ‘ 

Chloride of zinc, under similar circumstances, does not act so energetically, 

the two equivalents of water having been found to have been only partly removed 

from the oil after the application of that reagent. 

Commercial hydrochloric acid, if left in contact for some weeks with the crude 

oil, produces a crystalline compound. Gaseous hydrochloric acid produces, 

under particular circumstances to be mentioned below, two kinds of crystalline 

compounds. 

Chlorine, when passed through the oil, raises its temperature to a considerable 

height, producing, however, no visible change in it. 

Iodine dissolves in the oil, and, under precautions which will be further de- 

scribed, different crystalline compounds may be formed. 

Bromine acts very briskly, and produces under similar circumstances, like 

iodine, crystalline compounds. 

Before leaving the Bihydrate of Cajputene, I will briefly note the results of 

the analyses performed with that secondary product, which was obtained when 

the first large fraction had been passed through red-hot soda-lime. 

Fraction 180° to 185° C. 

(a) 2:49 grains of substance gave, . : ; 7°22 CO, 4°25 HO. 
(6) 4:15 os = : : ah) P21 COs 4°51 HO. 

A. B 

Carbon, . ‘ ; é ; 79-76 80:03 
Hydrogen, . : : : 12:20 12:07 
Oxygen, : : . : 8:04 7:90 

100-00 100-00 

The increase of carbon and hydrogen shown by these analyses on the one 

hand, and the presence of a large amount of charry matter and carbonic acid in 

the employed soda-lime on the other, indicate sufficiently that by that operation 

some change or another must have taken place in the oil; but as I have not yet 

entered upon any investigation of this product, further than the above analyses, 
I refrain from giving any other opinion about it, except that the above results 

would best correspond with the empirical formula C,, H,, O,,, the percentages of 

which are— 

79°59 C. 
12°44 H. 
a Gee 

100-00 

Since I succeeded in obtaining a crystalline iodine compound, and a hydrate of 
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this secondary product, I hope to be able to give some further and more satis- 

factory results about it in a subsequent paper. 

II. MonoHYDRATE OF CAJPUTENE.—C,, H,,+HO.* 

The crude oil is raised to its boiling point in a deep open vessel, and when com- 

mercial sulphuric acid is continuously dropped into it, violent ebullition—which 

after a short time is accompanied by a peculiar crackling sound—takes place. 

As soon as this is observed the flame is lowered, and the acid very cautiously 

added, until almost suddenly the fluid assumes a dark colour, which goes on in 

one moment from the surface throughout its whole depth. Should this be over- 

looked, and the acid indiscriminately added, the process goes on further than 

desired, sulphurous acid is formed, both equivalents of water removed, and 

the products become very complicated. At the moment, therefore, when the 

darkening of the substance just commences, the vessel must be removed from — 

above the flame and allowed to cool. The upper oily fluid is then separated from 

the acid, well washed and distilled. Amongst the fractions obtained thereby, I 
chose that which passed over at 170° to 175° C., as having been the largest; and 

after several rectifications, I proceeded to ascertain its composition, and to de-— 

termine the density of its vapour, of which the following are the details :— 

(a) 3°75 grains of substance gave, . : 11:38 CO, 4:00 HO. 
(b) 8-45 ? ; ey? ll oey-Ca., 3°59 HO. 
(c) 2:04 . 3 beats 618CO, 2180 HO. 

Carbon, ‘ , 82°73 82-79 82-62 82°75 
Hydrogen, : ; 11:85 }a 11:59 >b Bee 11:72 } Theory. 
Oxygen, aE 5-42 5-62 5:51 5:53 

100-00 100-00 100:00 100:00 

Vapour Density. 

1: 2. 3.) 
Temperature ‘ eh 18° C. Temperature Se ay LO2C. Temperature “ air, 20° C. 
Temperature of vapour, 220° C. | Temperature of vapour, 210° C. | Temperature of vapour, 200° C. 
Excess of weight, 0°404 grm. Excess, 0'°405 grm. Excess, 0°520 erm. 
Capacity, 159-5 CC. Capacity, 158-4 CC. Capacity, 214 CC, 
Residual air Residual air, 2 CC. Residual air, 14, CC. 

Barometer, 750 M,M. 

D==5:19, D=5:26, D=5'27. 

* Since April last, the time when the present paper was read before the Royal Society, I 
undertook, at the suggestion of several professicnal friends, to prepare anew the substances under 
consideration. The results arrived at now, by repeated combustions and determinations of its vapour 
density, showing nowhere a difference of much more than one-tenth, if compared respectively with 
one another, or with those obtained previously, leave really little or no doubt at all about the purity 
and chemical unity of the substance—however novel, singular, and exceptional it may seem, that the 
vapour of a body containing one atom of oxygen should condense to four volumes, However, as the 
substance is easily prepared, the experiment should be repeated by others, and not only with Oil 
of Cajeput, but with all the bihydrates of the turpentine-radical: Like experiments with bodies of ana- 
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The formula, C,, H,, O, requires— 

20 volumes of carbon = 20x0°831 = 16°620 
bi by hydrogen = 34x 0:0693 = 2°356 
1 = oxygen, |=» 11-106, =, 1-108 

20-090 

20:09 : 4 = 5:02. 

IlI.—CasPutene, IsocaAJPUTENE, PARACAJPUTENE—C,,, H,,. 

The rectified oil is allowed to cohobate over anhydrous phosphoric acid for about 

half an hour; on entire distilling, an oil passes over, which by repeated rectifica- 

tion separates into three principal fractions of distinct and steady boiling points. 

Cajputene is one and the first of these fractions ; it passes over at 160° to 165° C. 

It is perfectly colourless, and possesses a very pleasant smell, resembling that of 

hyacinths ; it is insoluble in alcohol, soluble in ether and oil of turpentine ; its 
specific gravity at 15° C. = 0°850. 

The following are the details of its analysis :— 

(a) 3-20 grains of substance gave 10°36 CO, 3°43 HO. 
(b) 3-90 , 5 12:63 CO, 410 HO, 

Carbon, : A : 88:29 88:34 88:24 
Hydrogen, «©. . 11°91 } ‘ 7a} 11-76 \ Theory 

a 100-20 100:12 100:00 

Vapour Density. 

Temperature of air, : : - ; , 16° C. 
Temperature of vapour, . : ; : » £2045C, 
Excess of balloon, : : : : . 0-399 grm. 
Capacity of balloon, o ; : : we hoo, OC; 
Residual air, : . : yn OF 

D=4'717. 

The formula requires -465. 

Reactions. 

If Cajputene is exposed to a current of gaseous hydrochloric acid, a beautiful 

violet fluid is produced ; but no crystalline compound is deposited, even if the oil 

be maintained during the operation at — 10° C, and preserved afterwards for any 

length of time. A mixture of commercial nitric and sulphuric acid acts very vio- 

logous composition will probably increase the number of similar instances. Further remarks as to 
its reactions, physical qualities, secondary products, and its relation to the Bihydrate of Cajputene, 
compared with which it might prove to be an analogous ether, I will endeavour to give in a subse- 
quent paper. 
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lently on Cajputene, producing a yellow brittle resin. Bromine, also, acts very — 

briskly in contact with it, producing a dark viscid oil. Iodine behaves indiffer- 

ently at ordinary temperature towards it; but at a raised temperature hydrogen — 

is copiously evolved, and a black fluid produced. Cajputene resists the influence of 

atmospheric air, retaining its peculiar smell and colourless appearance even after 

a very long exposure to this generally powerful agent. 

Isocajputene is the second fraction, separated from that oily product obtained — 

by the action of anhydrous phosphoric acid ; it passes over at 176° C. to 178°; its — 

specific gravity at 16° C. is = 0°857; it is insoluble im alcohol, and mixes in all 

proportions with ether and with oil of turpentine ; its smell is different from and 

less agreeable than that of Cajputene, and when exposed to atmospheric air it — 

soon acquires a yellow colour, and a more pungent aromatic smell. 

The same body may be procured by continued action, at a raised temperature, — 

of commercial sulphuric acid upon the Bihydrate of Cajputene, especially if the — 

oil be distilled along with the acid. 

The following are the details of the analyses performed :— 

(1.) Product got by the Action of Phosphoric Acid. 

(a) 2:24 grains of substance gave 7:24 CO, 2°35 HO. 
(b) 2-70 x F 8-72CO, 2-84 HO. 

Carbon, ; , : 88-16 88°18 88-24 Th 

Hydrogen, . . . 11°64f% 11-68 11-765," 

99-80 99:86 100-00 

(2.) Product got by the Action of Sulphuric Acid, 

(a) 4:20 grains of substance gave 13:56 CO, 4:50 HO. 
(6) 2:93 5 is 9:48CO, 312 HO. 

Carbon, . . . 88-05 88:23 | 
Hydrogen, , * SS EON 11-83 

99-95 100-06 
Vapour density of (1.) = 4°82; of (2.) = 4:52; theory = 4:65. 

Nitro-sulphuric acid, gaseous hydrochloric acid, bromine, and iodine react in the © 

same way on Isocajputene as on Cajputene. Commercial and even dilute sul- / 

phuric acid, dilute nitric, and dilute hydrochloric acid, all of which behave indif- 

ferently towards Cajputene, react upon Isocajputene, producing by mere contact, 

jn a very short time, dark viscid fluids. 

Paracajputene, C,, H,,, is the last fraction of those isomeric hydrocarbons pro-— : 

duced by the action of anhydrous phosphoric acid; it distils at 310° to 316° C.; is very — 

viscous, and of lemon-yellow colour, but if looked at in certain directions, it shows: 

a beautiful deep blue fluorescence. It is insoluble in alcohol and oil of turpen-_ 
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_ tine, but soluble in ether, and when exposed to atmospheric air, it rapidly oxi- 

* dises, acquiring a red colour and resinous consistence. 

Analyses. 

(a) 4:19 grains of substance gave 13-57 CO, 4-55 HO. 
(6) 315 _ i 10:19 CO, 3°42 HO. 

Carbon : : < : : . 88°33 88:28 b 
Hydrogen . ; ‘ : : : 12:06 12:06 

100-39 100°34 

Vapour Density. 

Temperature of air, . é : 5 : 16+C. 
Temperature of vapour, : E : “fy so20r C 
Excess of weight of balloon, . : : . 0599 grm. 
Capacity of balloon, : 5 : : ee ks CLO 
Residual air, : : : ‘ : ‘ 22 CC. 

198 x 0:0001224 84135 
= = ———. = (°96. EOI ( 176 x Foaens) Toes — ! 

The theory requires double the quantity of what is required for the formula 

C,, H,,=4'65 x2=9°30. The great difference between the experimental and 
theoretical results can only be accounted for by the high boiling point of the sub- 

stance, and its great tendency to decompose at that temperature. 

Reactions. 

Gaseous hydrochloric acid produces a dark violet fluid, which does not deposit 

any crystalline compound, even if the operation be performed at -10° C. Nitro- 

sulphuric acid does not act so violently as on the two foregoing fractions. 

IV. HEXHYDRATE OF CAJPUTENE, C,, H,,+ 6 HO. 

Two parts of dilute sulphuric acid are added to one of the crude Oil of Cajeput ; 
the mixture is then well shaken for several days, until the watery layer acquires 

a yellowish colour; thereby the presence of organic matter in the latter is indi- 

cated. After that the mixture is left to itself, when, usually from about the tenth 

day and upwards, crystalline tufts, adhering to the sides of the vessel, are found. 

These crystals are sparingly soluble in cold, but readily in boiling alcohol; 

they fuse at 120° C., and solidify again at 85°C. When submitted to dry dis- 

tillation, the oily fluid which passes over solidifies again in the colder parts 

of the receiver; but from the limited amount of substance then at my disposal, 

I could not ascertain if this product of sublimation was of the same or of altered 

composition. 

The following are the detailed results of the analyses performed with the sub- 

' Stance after previous recrystallisation out of alcohol :— 

VOL. XXII. PART Il. 5 E 
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(a) 2°65 grains of substance gave 6:17 CO, 2°86 HO. 
(b) 2°61 3 ‘ 6:04 CO, 2°61 HO. 
(c) 2:98 if bs 6-90 CO, 3-21 HO. 

Carbon, 63°39 63°11 63°11 63:15 
Hydrogen, 11:99 pa 11:96 >b 11-92 }e 11:57 > Theory. 
Oxygen, 24-62 24-93 24:97 25:28 

100-00 100°00 100-00 100-00 

Crystals of the same composition I found deposited in a secondary fraction of 

the crude oil, which on distillation passed over at 210°-230° C., and was left for 

a very long time moist and exposed to the action of atmospheric air. When the 

crude oil is mixed with dilute nitric acid and alcohol in the same proportions as 

are used when a similar compound is contended for in oil of turpentine, no crys- 

tals are found before at least seven or eight months; after the lapse of this time, 

however, such appear and are seen suspended in the oil, which meanwhile changes 

into a heavy black fluid. The quantity which I got by this method was so small, 

that I was not able to carry out any operations with it in order to satisfy myself — 

if its composition and qualities really were the same with, or different from, the 

above-mentioned Hexhydrate of Cajputene; but as lam again preparing the same — 

substance just now, I hope to give some account of it in a second paper. 

There also I intend to describe other crystalline compounds which I just recently 

obtained, by the action of dilute nitric acid upon the total crude oil, upon the 

rectified fraction, boiling at 175° C., upon the second fraction, boiling from 178° _ 

200° C., and upon the last green fraction, boiling from 200°-255° C. By the 

comparison of these crystalline substances I may perhaps become enabled to state 

something more satisfactory about the nature of those secondary fractions of the ~ 

crude oil. 

V. HyDROCHLORO CoMPOUNDS OF CAJPUTENE.—Bihydrochlorate of Cajputene, C,, H,, + 2 HCl. 

If gaseous hydrochloric acid be passed through the rectified oil, which is main- 

tained at low temperature, a violet fluid is produced, which, after 10-15 

minutes, suddenly solidifies into a crystalline mass, so that the orifice of the 

delivery-tube becomes obstructed, thereby preventing the further application of 

the gaseous acid. This crystalline compound, however, I was unable to analyse, 

since no sooner was it removed from the vessel where prepared than it deliquesced, 

even when pressed between bloating paper, which by means of artificial cold had 

been maintained at ’—25° C.; the fluid, also, resulting from that deliquescend 

substance, gave off constantly fumes of hydrochloric acid, and on distillation it 

decomposed entirely, showing no constant boiling point. If, however, immediately 

after the application of gaseous hydrochloric acid, that crystalline mass be thrown 
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into a vessel containing water or alcohol, beautiful long prisms are formed after 

a few days, which contain no chlorine, and seem to be of the same composi- 

tion as the Hexhydrate of Cajputene. 
If the oil be mixed with a third of its volume of alcohol, or if, in place of 

alcohol, strong aqueous hydrochloric acid be taken, and gaseous hydrochloric acid 

then passed through either of the mixtures, a crystalline compound is formed 

which is of steady constitution, and different in all its physical and chemical 

qualities from the one formed without the presence of alcohol or aqueous hydro- 

chloric acid. 

The following are the detailed results of its elementary analyses :— 

(2) 0°266 grm. of substance gave 0-562 CO, 0-214 HO. 
(b) 0:268 $ iy 05°65 CO, 0-216 HO. 
(c) 0:145 s ‘. 0-205 AgCl. 

Carbon, ity 57°54 b 57°41 
Hydrogen, 8935 % 8-95 c 8°61 } Theory. 
Chlorine, : \ : : 34°49 33:98 

100-00 

Bihydrochlorate of Cajputene melts at 55° C., and solidifies again at about 30° 

C.; when submitted to dry distillation, it gives off fumes of hydrochloric acid at 

60° C., and splits into several fractions, one of which is of constant boiling point 

and steady chemical composition, which will be mentioned afterwards. When 

boiled with an alcoholic or aqueous solution of potash it undergoes no change, un- 

less a high temperature be maintained for a long time by cohobation, when one 

equivalent of hydrochloric acid is removed. It is sparingly soluble in cold, but 

readily soluble in boiling alcohol and in ether; it possesses no taste or smell what- 

ever, and differs in that and in most of its other physical and chemical qualities 

from the isomeric compound in oil of turpentine, called the artificial camphor ; 

out of alcohol it crystallizes in beautiful radiating tufts. 

VI. MonoHyDROCHLORATE OF CAJPUTENE, C,, H,, + HCl. 

When the Bihydrochlorate of Cajputene is submitted to distillation, amongst 

several other fractions, one passes over which has been mentioned before as pos- 

sessing a constant boiling point. This fraction distils at 160°, and its analyses 

gave the following results :— 

(a) 0°330 grm. of substance gave 0-848 CO, 0-295 HO. 
(b) 0-257 » » 0:654 CO, 0-233 HO. 
(c) 0°172 5S , 0-143 chloride of silver. 

Carbon, : 70:00 3 69°40 b 69°76 
Hydrogen, . 9:93 10-07 c 9-88 } Theory. 
Chlorine, . 4 - ; 20°53 20°36 

100:00 
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A product of similar composition is obtained when the Bihydrochlorate of Caj- 

putene is treated for several days at high temperature with an aqueous or ~ 

alcoholic solution of potash ; the smell of this substance, however, is so entirely 

different from that of the other monohydrochlorate (reminding of pelargonic 

ether), that some further investigation may probably lead to more striking 

chemical as well as physical differences between these two isomeric substances. 

VII. BICHLORIDE OF CAJPUTENE, C,, H,,+2Cl. 

The large rectified fraction of Oil of Cajeput is mixed with some very dilute 

nitric acid, and then exposed to a stream of gaseous hydrochloric acid, when, 

after a few minutes, violent evolution of yellow and red fumes, consisting of 

chlorine and nitrous acid, takes place. The gaseous hydrochloric acid is allowed 

to pass so long till the oily fluid in the vessel has entirely sunk to the bottom, 

having then the watery layer (reversely to the beginning of the operation) 

above itself. 

If the vessel be, after the operation, kept at a low temperature, a crystalline 

compound may be formed, which, however, I was only once fortunate enough to 

obtain, but in so small a quantity that I could not make more than one analysis 

of it, by means of which, however, I convinced myself of the presence 

of chlorine in that substance. In ordinary cases, therefore, I had to content 

myself with a limpid brown fluid, which, in consequence of the adhering nitric 

and nitrous acid, I redistilled over a strong solution of potash; and thus prepared 

I submitted it to its elementary analyses, of which the following are the detailed 
results :— 

(a) 2°87 grains of substance gave 6:05 CO, 2:09 HO. 
(6) 3°61 Ss x 7:60 CO, 2:63 HO. 
(c) 2:91 Y Bs 4:10 chloride of silver. 

(d) 484 ” Ps 3°97 ; 

Carbon, : 57:49 i 57°41 b 57:98 
Hydrogen, . 8:09 8-09 c d 7°72 > Theory. 
Chlorine, : : 34°57 34:21 34°30 

100-00 

As this substance could not be distilled by itself without decomposition unless 

in vacuo, I was not able to take its vapour density. It possesses an extremely 

fine and agreeable smell, and may be kept for any length of time without under- 

going any decomposition. When boiled with nitrate of silver, a peculiar detona- 

tion takes place, and chloride of silver is formed. 

Before leaving the compounds which are produced by the action of hydro- 
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chloric acid, I must observe that only recently I got another crystalline compound 

which had been formed by the mere contact of the crude oil with commercial 

hydrochloric acid, which, however, I have not yet analysed, and must therefore 

preserve for a following paper. 

BROMO COMPOUNDS. 

VIII. TETRABROMIDE OF CAJPUTENE, C,, H,,+4 Br. 

When the rectified oil is shaken with bromine water, a red resin is formed, 

out of which a solid substance crystallizes in small white prisms. This crys- 

tallme compound, however, is unmanageable, in consequence of the readiness 

with which it deliquesces and decomposes. When dry bromine is dropped into 

the oil a very brisk action takes place, and the sides of the vessel become 

covered with yellow needles, but which immediately disappear again ; if bromine 

be added so long till almost no reaction is observed in the fluid, a dark, thick, and 

viscous oil is produced, which, after the lapse of several weeks, deposits a granular 

substance. As soon as this is observed, alcohol is added to the whole mixture, 

and boiled along with it. By this operation the granular substance is extracted, 

and a heavy oil left behind. On the cooling of the alcohol a soft crystalline sub- 

stance is deposited, of a fatty lustre, resembling very much cholesterine when 

crystallizing out of the same menstruum. The following are the details of its 

analyses :— 

(a) 2°60 grains of substance gave 2°51 CO, 0:994 HO. 
(6) 3:21 55 A 3°05 CO, 1:20 HO. 
(c) 3:27 : 3 5°38 bromide of silver. 

Carbon, ; 26°32 7 25:97 b : d ‘ 26°31 
Hydrogen, : 4:24 4:15 : - ; 3°52 > Theory. 
Bromine, - : : : : A a 10°03"; 70°17 

100-00 

This substance is soluble in ether and boiling alcohol; it melts at 60° C., and 

solidifies again at 32° C. When submitted to dry distillation, the fluid which 

passes over crystallizes again in the cooler parts of the retort ; whether this pro- 

duct is changed or not I have not yet ascertained. When boiled with a solution 

of caustic potash, the tetrabromide seems to remain unaltered. 

Another crystallized bromine compound has been obtained by the action of 

phosphorus, dissolved in bisulphide of carbon, on the oil dissolved along with 

bromine in the same menstruum ; the substance, however, at my disposal was so 

limited in quantity as to preclude the possibility of a satisfactory analysis. 

VOL. XXII. PART II. 5 F 
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IODINE COMPOUNDS. 

XI. HypRIoDATE OF HyDRATE OF CAJPUTENE, C,, H,,+HO+ HI. 

If iodine be added in small quantities to the crude or rectified oil, no reaction 

seems to take place ; if, however, the fluid be heated, such is observed, as the oil, 

under the evolution of fumes of hydriodic acid, changes into a black heavy 

fluid ; but in order to get a crystalline compound, no artificial heat in this way 

is allowed to be applied, as by its application the action of the iodine goes too far, 

resulting in a viscous substance, out of which nothing can be made. After the © 

addition of the iodine the fluid must be stirred rather constantly, and the heat — 

thus produced by the friction of the rod, as well as the mechanical distribution 

of the iodine, favour the action between the two substances, so that after a few 

minutes the temperature of the fluid rises from 10° to 40° C. When this is 

observed, no more iodine is to be added, and the whole vessel is immersed in cold 

water, when, after a very short time, a black crystalline compound is deposited 

in the bottom of it. After the oily fluid is filtered off, the solid substance is 

pressed between bloating paper, and, when nearly dry, dissolved in alcohol or 

ether, out of which it crystallizes in prisms of beautiful yellow-green metallic 

lustre. 

The following are the results of some of the analyses performed with it :— 

(a) 3°63 grains of substance gave 5-71 CO, 2°30 HO. 
(b) 3-26 , 518 CO, 1:97 HO. 
(c) 269 % 5 4:°28CO, 1:69 HO. 
(d) 555 Pe Fe 4:78 iodide of silver. 

Carbon, 42-91) ) 43°33 43-21). : . 43°95) 
Hydrogen 7°01 6-71 6:98 6-59 | , > Theory. 
Oxygen, : : . : : : ; ; : - 2:94 
Todine, (RMR NM 2) Cea QAR ES Renata eee 

100-00 

This compound is very soluble in alcohol and ether, insoluble in water, in con- 

tact with which it does not become decomposed. It is, however, a very unstable 

substance, as it easily deliquesces in the course of time, and when melted, which 

it does at 80° C., it is not recrystallizable. In contact with a cold solution of 

potash it soon assumes a fluid condition, losing some of its iodine, which at a 

raised temperature it gives off entirely. : 

X. HyDRIODATE OF CaJPUTENE, C,, H,,+ HI. 

A solution of phosphorus in bisulphide of carbon is added to a solution of 

iodine and oil of Cajeput in the same menstruum. As soon as this is done, a 

very brisk reaction takes place; the vessel becomes so hot that it cannot be 

touched by the bare hand of the operator; red oxide of phosphorus is formed 
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and precipitated ; the oily fluid acquires a reddish colour, and gives off fumes 

which, by the prevalence of the volatile oil, | could not exactly recognise, nor 

was I, by the peculiarity of the operation, able to receive them under a pneu- 

matictrough. The reaction, however, may be represented by the following simple 

equation :— 

3 (C,, H,,) + 6H + 60 + 3PI = 

3 (C,, H,, + HI) + H38P + PO + POS; 

according to which gaseous phosphoretted hydrogen, oxide of phosphorus, and 

phosphoric acid would be formed ; the last two of which I always found present 

in the fluid out of which the Hydriodate of Cajputene, in the course of ten or 

twelve days, crystallized. These crystals are deposited in cells like those of 

beehives, and possess a black metallic lustre. The following are the detailed 

results of the analyses :— 

(a) 4°39 grains of substance gave 7°29 CO, 2°48 HO. 
(6) 3:01 Bi y; 5:01 CO, 1:72 HO. 
(c) 554 ye 5:02 iodide of silver. 

Carbon, : 45:29 " 45°36 b 45:45 
Hydrogen, . 6:31 6°35 c 6°43 > Theory. 
Iodine, : s : : 48:85 I 48:12 

100-00 

Hydriodate of Cajputene is soluble in alcohol and ether, and more stable 

than the preceding iodo-compound, as it remains for any length of time, and 

even if boiled with a solution of potash, unchanged. 

Secondary products of this and the other iodo-compound I intend to describe 

in a following paper, which I will endeavour to finish as soon as possible. 

Finally, I consider it my duty to express my sincerest thanks to Professor Dr 

Thomas Anderson, who so generously and forbearingly supported me with all 

kinds of mental and material aid previous to and during the time of this investi- 
gation. 
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XVI.—Notes on the Mountain Limestone and Lower Carboniferous Rocks of the 
Fifeshire Coast from Burniisland to St Andrews. By the Rev. THomas 
Brown, Edinburgh. 

(Read 17th April 1860.) 

Introduction. Mountain Limestone—continued. 
I. General Course of Strata. 2. Estuarine Strata, F to L. 

II. Trap Rocks. 3. Limestone L. 
III. Mountain Limestone. IV. Lower Carboniferous. 

1. Six Upper Limestones, A to F. Myalina Beds. 
Corals. Petrified Trees. 
Shells. Marine Beds. 
Crustacea. Fossils. . 
Fish. V. Results—The Two Groups defined. 
Tuberculated Fish. 

Introduction. 

In this paper I shall first refer to the circumstances under which the follow- 

ing observations were made. 

Thad gone in the autumn of 1856 for a few weeks to Elie on the Fife coast, 

and was induced, as a means of relaxation and exercise in the open air, to pay 

some attention to the geology of the neighbourhood, resuming for a brief interval 

what was once a favourite pursuit. About a mile to the east of the village, I 

found a stratum well deserving attention—a thin bed of limestone—dipping in- 

land a little beyond the cliff on which stands the ruined Castle of Ardross. The 

fossil shells which it contained were of unusual form, and beautifully preserved ; 

there were fish remains of two or three species, and a small group of crustaceans 

still more remarkable. Among the fish I thought I could detect the large scales 

of an Irish species—the Holoptychius Portlockii—and among the crustaceans 

there were the valves of Dithyrocaris, a genus particularly characteristic of the 

Trish beds. At once the question arose whether these fossils might not serve as 

links connecting this Ardross bed with the Irish series. The point was of the 

more importance, that our leading geologists had been differing widely as to the 

true position of our Scottish coal strata in the geological scale. The Jamented 

Professor Epwarp Forpss had assigned them a place comparatively high, while 

Sir Roprrick Murcuison, with surer judgment, had taken the opposite view and 

put them beneath the Newcastle coal-field. If any light could be thrown on this 

question, it might prove of some interest to the Scottish geologist. My first ob- 

, ject, then, was to ascertain the level on which the Ardross limestone lay among 

VOL. XXII. PART II. oG 
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our own strata; but this proved at first a question of unexpected difficulty. The 

coast near Ardross is cut up by trap in the most singular way, and the sedi- 

mentary strata are fractured and isolated into patches, in one of which the bed in 

question is situated. Looking into our local authorities, I found Mr MacLaren 

gave no assistance, Dr ANDERSON was silent, and even Mr LANDALE, in his valua- 

ble Essay, was still more discouraging. East and west there is no lack of detail 

in his account of the coast; but precisely here for some distance on either side of 

Ardross he gives up the case as hopeless, the trap having reduced the whole to 

‘“‘a heap of ruins.” A rapid glance at the rocks convinced me that matters were 

not.so bad as this. At all, events the attempt to reduce these beds to order pro- 

mised to give pleasant occupation for three or four idle weeks. Selecting, accord- 

ingly, a fixed point, I began at first, quite mechanically, noting each bed as it came, — 

—its composition, thickness, dip, strike, and gathering such fossils as might serve 

to identify it—the results being laid down each evening in detailed sections. It 

ended, indeed, in my making (besides the sections) a ground plan of the coast from 

Elie to St Monans. And very singular it was to see how, under this treatment, 

the beds fell into their places, and the supposed heap of ruins became an orderly 

series. Through faults, convolutions, and outbursts of trap, the strata could be 

distinctly followed westward into the coal-basin at Earlsferry, and eastward into 

that of St Monans. . aan 

The position of the Ardross bed being thus determined, other questions arose, 

The limestone strata of Burntisland have long been a fixed point well known to 

geologists. Where was the level of the Ardross bed as compared with these 

Burntisland strata, and generally, how would the western side of the basin corre- 

spond with what I had found on the east? This led me to examine the shore 

from Invertiel to Burntisland, and nothing could be clearer than the general re- 

semblance. Beds with which I had made myself familiar came up in regular 

order. The thick white limestone of St Monans, for example, distinguished for 

its abundance of Zaphrentes and similar corals, was there in position, covered by — 

the same fossils still larger and more abundant. Going on as far as Burntisland, — 

I found the relative position of the strata to be as shown in the section. . 4 

Another question referred to the underlying series of rocks. On the shore to 

the east of St Monans, I had seen the Ardross bed overlying that great mass of © 

strata which Mr MacLaren has termed the calciferous sandstones. What was 

the character and relations of this lower group? This investigation I found one 

of extreme interest. It led me first as far as Anstruther; then past Crail on to 

Fife Ness, and then to where the rocks are lost in the sand a little to the north of 

St Andrews. It has occupied my autumn leisure for several years—in some 

cases, however, only a few days being at my disposal. I beg to offer to the So-— 

ciety a notice of such facts as I have observed on the following points, viz. :— 
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J. THE GENERAL COURSE OF THE STRATA. 

The section passes along near high-water mark, the strata being supposed to 

be cut at right angles so as to show their real thickness only, not the space they 

occupy on the shore. From Fife Ness to St Andrews they are laid down in re- 
verse, as if the spectator were looking seaward, and this is done to bring the cor- 

responding portions of the two shores into comparison. 

From Burntisland to Inverteil the great feature is the immense development 

of trap beds, amidst which the sedimentary strata lie conformably. The lime- 

stones G and H,* with other beds as far as Kinghorn, are estuarine, and then 

come the six upper marine limestones, all dipping beneath the great coal-fields. 

Rising at Elie harbour in reverse order the beds are with some difficulty to 

be made out covered as they are at some points by sand or obscured by trap, at 

others as in Woodhaven almost removed by quarrying, and complicated through- 

out by the thirty-fathom fault, yet with patient attention the position of the 

whole series can be well enough traced. The fault cuts the Earlsferry coal-field 

in two, passes along-shore in front of Elie, goes, according to Mr Lanpats, through 
the “ Taft,” may be seen west of Ardross skirting low-water mark till it touches the 

bend of the coast west of Newark, where it seems to vanish.+ Outside this line 

the beds are thrown up and carried (the field geologist well knows how) in the 

direction of their dip far out of the bearing of the same beds as they lie in-shore. 

The middle portion of the coast between Elie and St Monans, consisting of the 
lower beds, is estuarine. Approaching Newark, these strata become remarkably 

contorted, dipping into little basins, but rising at each movement into higher beds, 

till the six marine bands of limestone finally fold over and plunge beneath the 

coal-field at St Monans. Rising again to the east all trap is left behind, and the 

sequence of the whole beds is singularly clear as they lie exposed along the shore 

like the mighty pages of nature’s book. Passing through the same estuarine 

beds the strata beyond Pittenweem rise into bold cliffs, remarkable for the depth 

of the shales which they display, and at that point occurs the limestone L, so im- 

portant in the classification of the whole series. Eastward among the fine rocks 

of the Billow Ness lie the thin limestone bands of the lower series, and the shales 

charged with numerous vegetable remains, continuing down till the anticlinal 

axis is reached at the harbour of Anstruther. From Anstruther to Crail the 

same rocks are repeated—the depth of the whole series, however, being apparently 

greater and—the sandstones especially—more powerfully developed. A red colour 

* Owing to the small size of the section, as given in this paper, it has been impossible to represent 

the separate beds of limestone, or the sub-divisions of the upper group. For the same reason it has 

been found difficult to give the angle of dip with anything like minute accuracy, Some of the lesser 

bendings of the strata are omitted —only the general results could be given. 

+ This point is marked in the section by the letter a. 
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from iron tinges some of the limestones, and especially the bed L, which at Pitten- 

weem is dark gray. At Roome beyond Crail the synclinal axis is reached: the 

beds again show a descending series till they fold over an anticlinal close to Fife 

Ness. That point forms a splendid display of powerful yellow sandstone, dipping 

with gentle slope towards the ocean whose stormy waves it has flung back for ages. 

Away to the north, and on as far as St Andrews, my examination of the coast 

was more rapid. In the section as it approaches Crail, and goes north of Fife 

Ness, I do not attempt to show the effect of the faults, but the general features of 

the strata will be found given with sufficient accuracy. Passing Balcomie, the 

lower series of rocks is well displayed ; but especially from Cambo Point, on beyond 

Kingsbarns and down to the lowest beds at Babbet Ness, all is singularly com- 

plete and clear. At the latter point, the lowest strata of the whole coast from 

Burntisland to St Andrews are reached, lying considerably beneath the level of 

Anstruther. Passing Pitmilly Burn, the section exhibits the various bendings of 

these strata, till the limestone L is found on the shore near the Rock and Spindle. 

On to St Andrews the foldings seen in the cliffs form a striking feature of the 

coast, till at the Witch Lake, with its deep shale beds, the limestone L again 

comes into view. 

The general aspect of the coast thus described will best be understood by a 

_ glance at the accompanying section. Omitting the minor foldings of the strata there 

are, east of the Ochills and on to Fife Ness, four great anticlinals, with their ac- 

companying basins on either shore. The first of these basins on the coast of the 

Firth (not shown in this section) reaches from Alloa and Dunfermline to Aberdour. 

It corresponds to that on the east, in which St Andrews is situated, and whose 

southern margin touches the Babbet Ness. The second stretches from Aberdour 

to a point beyond Elie, where the axis, though obscure, is really present ; and so on 

to Fife Ness, every anticlinal and basin on the west has its corresponding feature 

on the east, though not always in the same relative proportions. One marked 

difference, however, will be observed. Along the German Ocean the beds have 

been lifted to a far higher level, as is shown by the dotted line which represents 

the supposed level of the bed L. High above the ground on the eastern side, it 

is often from one to two thousand feet beneath it on the shores of the Firth. 

II. Toe Trap Rocks. 

These I did not attempt to study, but one or two points may be mentioned 

which came under my notice. 

First, A large portion of these traps can have had nothing to do with the 

elevation of the other strata. On the one hand, they are so interstratified that on 

looking to the details one can hardly resist the inference that they were contem- 

poraneously formed ; and on the other, they have themselves been acted on much 

VOL. XXII. PART II. 5H 
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as the other rocks by the forces of elevation. A glance at the section from Petty- 

cur to Inverteil will show how the beds of trap and the other strata have been 

lifted together to the same angle of dip. Another example is still more instruc- 

tive. Not far from Queensferry there is, to the east of St David’s, a mass of tu- 

faceous trap, and south of St Andrews there is a mass of sedimentary strata both 

contorted in a similar way. They lie in the same position on the southern rise of 

the great basin—which leans against the axis of Aberdour on the one shore, and 

Babbet Ness on the other. The force which caused these convolutions must thus 

have acted over a wide stretch of country, and the traps and the sedimentary 

strata must have yielded alike to its power. 

Second, There are trap rocks evidently intrusive, and of subsequent formation, 

containing as they do fragments of the other strata. Every Edinburgh geologist 

knows well the Basalts, Tufas, and Amygdaloids of the coast from Pettycur to In-- 

verteil. In the Huttonian and Wernerian controversy this western series was the 

stronghold of the Wernerians. It seems strange that their adversaries did not 

claim the Elie side, where the intrusive traps may be studied to singular advantage.* 

Perhaps the most common appearance resembles that at Edinburgh Castle—the 

sedimentary strata at the point of contact being fractured and bent downwards; 

but there is this difference, that the phenomena can be studied not in section, as 

at the Castle, but amid the bared rocks of the coast they are laid open as on a 

ground plan. 

Whether these intrusive traps had anything to do with the elevation of the 

other strata seems extremely doubtful. For the most part they appear to pene- 

trate the mass much as a musket bullet does a pane of glass, fracturing the por- 

tions in immediate contact, but leaving the general plane of the beds unchanged. 

A single example near Kinghorn is the only instance of what seems elevation re- 

sulting from the intrusion of trap. That some deep-seated force of elevation has 

acted over the district is indeed obvious. Starting at Fife Ness, we can trace the 

long, rolling undulations of the strata, as if lifted over the crests and sinking into 

the troughs of some gigantic sea. How vast the elevation must have been at first, 

and how immense the denuding agencies by which all was subsequently planed 

down to its present level, may be seen from the dotted line showing the supposed 

level of the bed L, itself very far below the coal-fields. I have seen, however, no 

* It is not intended in this or the following statements to advance any theory as to the formation of _ 
these rocks, the term intrusive being merely used to indicate that the previously formed sedimentary 
strata must have been consolidated and fractured before these traps could have come into their pre- 
sent position, While on the west the two kinds of rock lie for the most part conformably inter- 
stratified, it seemed deserving of notice that on the east side of the basin, when they come into contact, 
there are in most cases clear traces of convulsion. A geologist holding extreme Huttonian or ex- 
treme Wernerian opinions might easily enough find on these shores not a few facts in support of his 
favourite views on either side, but there are still considerable difficulties in the way of any theory 
which shall explain and harmonise all the phenomena. 
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clear evidence to connect these intrusive traps with the deep-seated forces which 

produced such vast results. The question would require much closer attention 

than it was in my power to give; but everything seemed to support the views so 

ably propounded by Professor Rogers in the Transactions of this Society. 
Before entering on the sedimentary strata, it is right to state that the object 

of this paper is restricted properly to a single point. The petralogy of these coasts 

—the mineral structure of their rock-masses—I do not refer to, except incidentally. 

For the present, my remarks are confined to one point, a consideration of the 

fossils in connection with the different levels at which they occur, and the light 

which is thus cast on the different groups of strata in their geological relations. 

III. Mountain LIMESTONE. 

In regard to the classification of the rocks of this district, I have been led to 

deviate to a considerable extent from the views commonly held. If about 1400 

feet be taken from the lower series—the calciferous sandstones of Mr MactarEN— 

and added to that upper marine zone, usually termed the Mountain Limestone, then 

a well-defined base line is obtained for the upper division, and the two groups 

may be distinguished by satisfactory characters. To the whole of the upper 
division, I would extend the term Mountain Limestone; and to the underlying 

group the term Lower Carboniferous. The reasons for this arrangement I shall 

afterwards state. Assuming it in the meantime, the Mountain Limestone will 

present the three following portions, viz. :— 

1. The Six Upper* Limestones, A to F. 

Immediately underlying the coal-fields on the Fife coast, we find these beds 

with shales and sandstones intercalated. The whole body of strata is set down 

by Mr Gertz as from 150 to 200 feet thick in the Lothians; and by Mr Pace 

as 200 feet thick in Fife. Ifthe lowest bed F be included, I am disposed to put 

the estimate considerably higher. The Ardross limestone, to which I referred at 

the outset of this paper, is the bed F’, the lowest of these six beds. 

It is the abundance of their fossils which render these six limestones so 

important. As itis often difficult to know how far such lists as the following 

may be depended on, I may mention that all the fossils here named were collected 

by myself, the beds and the localities being carefully noted. With the excep- 

tion of one or two of the commoner species, they will all be submitted along with 

this paper. The determination of fossil species is often a point of much difficulty, 

especially where no collection exists to which reference can be made; and I may 

therefore mention, that the lamented Dr FLemine and Dr Scou.er of Glasgow, 

two of our highest authorities, did me the favour to examine part of my collec- 

* The term upper is used only relatively. They form the highest portion of the strata to which 
this paper refers, underlying the coal-fields. 
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tion, and that I have submitted the whole to Mr Satter, Palontologist to the 

Government Survey, whose assistance has been of special importance, not only — 

from his great eminence in that science, but from his familiarity with the fossils 

of England and Ireland. Thesystem of nomenclature in his hands being uniform, 

we can employ the species here named with confidence as points of comparison 

with distant formations. A considerable proportion of the following list are new 

to Scotland. Two or three of the names are given on the authority of Dr FLemine; 
the rest on that of Mr Satter. 

. Fossils. 

Corals.—The following seem the most common species : — 

Chaetetes tumidus, L. fasciculata. 
Aulophyllum fungites, Zaphrentis species. 
Lithostrotion junceum. } 

To these may be added (from the Bryozoa), the Fenestella plebea, which is 

plentiful in all the strata. 

Shells.—From the bed F at Ardross, I obtained the following, viz. :— 
1. Lingula mytiloides. 7. Nucula attenuata, 
2. Productus semi-reticulatus. 8. Macrocheilus ovalis. 
3. Pecten Sowerbii. 9. Bellerophon Urii. 
4. Edmondia unioniformis. 10. Bellerophon decussatus, 
5. Schizodus sulcatus. 11. Nautilus subsulcatus, 
6. Nucula gibbosa. 12. Orthoceras cylindraceus, 

Along with these there were other species belonging to the following genera 

not yet determined, Orthoceras, Schizodus, Arca, Modiola, Loxonema and — 

Gontotites. Of the whole perhaps the shells most characteristic of the bed are a — 

strong handsome Schizodus, and a thin stiletto-like Orthoceras, whose long, taper 

form does not seem as yet to have been figured or described. | 

Fig. 1. 

—S 3 

1. Right Valve. 2. Left Valve. 8. Outside of Left Valve. 

Of the Schizodus, figures are here given from characteristic drawings furnished - 

by Mr Sauter. 
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Dr FLEminG, to whom I formerly submitted this shell, considered it to be the 

Anatina attenuata of M‘Coy, but held that it had been erroneously referred to 

that genus. He possessed numerous specimens from a bed near Colinton, where 

it occurs in such abundance as to suggest the idea of its having been gregarious; 

but the specimens from Fife were in better preservation, and he intended to 

have them laid open and submit them to a careful examination, in order to deter- 

mine the generic character. Circumstances prevented this, but it has now been 

made clear by Mr Satter. The species seems to have belonged properly to the 

Lower Carboniferous group, rather than to the Mountain Limestone. It is common 

enough, indeed, in the bed F, to be characteristic of the stratum; but when met 

with in the lower rocks, it shows itself in a far different way, and in far greater 

abundance. This is seen not only at Colinton, but in a very remarkable bed 

south-east of Kingsbarns, where, in countless masses, it covers the surface of the 

rock in a state of preservation singularly fresh and beautiful. On passing up into 

the Mountain Limestone it occurs rather in a straggling condition, and in com- 

paratively scanty numbers. 

Passing to the five overlying beds, besides most of the shells just enumerated, 

_we find the following :— 

1. Athyris ambigua. 12. Athyris gibera. 
2. Athyris Royssii. 13. Productus longispina. 
3. Chonetes Hardrensis. 14. Rhynconella pleurodon. 
4, Chonetes variolata. 15. Spirifer duplicicosta, 
5. Discina nitida, 16, Spirifer trigonalis. 
6. Leptaena crenistria. 17. Avicula rugosa. 
7. Productus giganteus. 18. Aviculopecten interstrialis, 
8. Productus punctatus. 19. Mytilus triangularis. 
9. Orthis Michelini. 20. Nucula tumida. 

10. Orthis filiaria. 21. Euomphalus carbonarius. 
11. Orthis resupinata. 22. Orthoceras annulare. 

Along with these there occur species of Schizodus, Aviculopecten, Modiola, and 

Turbo, not determined. There is also one species of Sanguinolites, which Mr 

SALTER pronounces to be new. 

Crustaceans.—The bed B east of St Monan’s has yielded various specimens 

of a species of trilobite—the Grifithides mucronatus; and in the bed E, near 

Kinghorn, I found a plate of the Eurypterus Hibberte. 

It is the bed F at Ardross, however, which has proved most productive of 

these remains. They are of two kinds. First, Those belonging to the genus 

Dithyrocaris, chiefly detached valves; one specimen, however, showing distinctly 

the tail spines, and another the jaws. Mr Sauter, whose authority stands so 

high in regard to this class of fossils, has decided that the specimens belong to 

two species both hitherto undescribed. 

The other crustaceans are of a form nearly allied to the shrimp, and closely 

‘resemble the species of Gampsonyx, described by Von Meyer, from the coal for- 

VOL. XXII. PART II. D1 
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mation of Saarbruck in Lorraine. The shelly covering seems to have been pecu- 

liarly thin and tender, for though the limestone is singularly favourable for their 

preservation, yet there is a difficulty in making out the form with sufficient dis- 

tinctness for scientific description. Its resemblance to the shrimps of our shores 

is obvious, however, at a glance, and like them it seems to have been social in its 

habits; for at the only spot in which it occurred a whole swarm was laid open at 

once, and very remarkable it was to see these tiny forms of crustacean life lying 

close to each other in every imaginable attitude on the surface of the rock. For 

the following remarks and figure, singularly true to nature, I am indebted to Mr 

SALTER :— 

“There can be little doubt this is of the same genus as the 

curious Gampsonyxz jimbriatus of Jordan, figured so well by 

Von Meyer in his “ Paleontographica” for 1854, Vol. VI. t. t. 

That species was found in the coal of Saarbruck and Salz- 

bach, and it was regarded by Von Meyer as belonging to 

the Amphipod group, the only example yet known of a true 

Malacostracous crustacean below the New Red Sandstone. 

Our specimens, though crushed, show much fewer segments 

than the German fossil, and it is no doubt desirable to com- vronectes (Gampsonyx of 
pare specimens of both. I am not clear about any appendages Jordan) sca 
to the head, which appears (if that be not due to pressure) to be elongated. 
Seven body-rings and a minute telson are all that can be made out. But the 
tail appendages are very like those of a shrimp, and the body-rings not dis- 
similar.” * 

A single remark of a general kind I may be permitted to offer. One of the 
most delightful passages in Patry’s ‘Natural Theology” is his description of the 
shrimp, and the proof of the goodness of God in communicating such manifest en- 
joyment of life to these lower orders of being, diffusing such happiness among 
myriads of His creatures. When we look back into the old creations of geology 
with their predaceous races, covered with bony armature, and furnished with 
instruments of destruction so formidable, we are ready to feel as if the world 
must have been a scene only of darkness and terror; yet the light of God’s love 
must have shone then as now, and perhaps the little crustacean here before us 
may give some indication of this truth. If Pauey can stand on our modern 
shores, and, amidst the social instincts of its shrimps, can point to the fulness of 
their enjoyment as a proof of the goodness of God, I know not why, in the little 
Gampsonyx of these primeval rocks, evidently not less social in its instincts, — 
we may not read the same lesson, and feel that then of old, as now, the world — 
which He had made bore witness that ‘God is love.” 

fish.—These remains deserve particular attention. At Ardross I detected small — 

* Mr Satter, MSS. 
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scales of some species of Palzeoniscus, and one good specimen of an Amblypterus, 

which seems to be the A. status. There were teeth and scales also of a Holop- 

tychius ; some of the latter more than an inch in diameter, and their resemblance 

to the figures of the H. Portlockwi, published in the Report of the Irish Survey, 

seemed to be complete. If the fish remains at Ardross are thus not devoid of in- 

terest, those on the west side of the basin near Kinghorn are still more important. 

It was in connection with these that I obtained one of the most striking proofs of 

the identity of the corresponding beds on the two sides of the basin. Beginning 

at Inverteil, or rather at Tyrie, 1 had traced the strata backwards and downwards 

through every link of the series, to that level on which the fish occur on the east. 

The limestone bed was there, its corals and shells agreed, but at first there 

seemed no trace of fish. The point was important, the opportunity for search 

was good, for the beds lay open, intercalated between two sheets of trap. Begin- 

ning at the top, and resolved that nothing should escape, I had nearly gone over 

the whole, when, about three inches above the lowest trap, I caught the glitter of 

a ganoid scale, and laying open the spot, a very slight effort disclosed a whole 

array of fish remains—spines, plates, teeth, scales, &c., in singular abundance. 

I was reminded of the famous bone-bed at Ludlow, described as resembling a 

mass of broken beetles. This was obviously a similar formation of the carboni- 

ferous system. About an inch in thickness, imbedded among shale with a few 

shells, and charged with its abundant fish remains, all disjointed, but in beauti- 

ful preservation, I could trace it, running at its own level for fifty yards, till lost 

at low-water mark in its course seawards. All the fish I had found at Ardross 

were there, with additional species ; but there was one new and most noticeable 

feature, the abundance of Cestraciont teeth—the crushing teeth of ancient 

sharks. Would it not be possible to find these fossils also on the eastern side of 

the basin? Returning to Ardross, I sought for them in the bed F, but in vain. 

In the bed E, [also failed in finding them; but at-last the limestone D, and espe- 

cially a bed of underlying shale, yielded a considerable number of specimens. The 

links of connection between these beds, separated at a distance of some twenty 

miles, were thus made clear, and it was also established that fish remains were 

diffused through the Jower half of these six marine limestones. 

The disjointed state of the remains from the fish-bed renders it difficult to 

identify the species. There are head-plates and scales of Rhizodus Hibberti. 

There is a well-preserved jaw undetermined, and scales of Amblypterus. Besides 

these there is a spine of Ctenacanthus, which Sir P. Eazrvon considers as hitherto 

undescribed, and among the teeth there are several fine specimens belonging to 

the genus Cochliodus, also marked by him as new to science.* More than by all 

these, however, my attention was attracted by some plates belonging to the great 

* It was through the kindness of Sir R. Murcuison that the specimens were submitted to Sir 
’ P. Ecerton, our highest authority in fossil Ichthyology. 
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class of tuberculated fish. I extremely regret that from the softness of the shale 

it has been impossible to preserve them in anything like their original complete- 

ness. When first laid open they seemed unequivocal plates of some species of 

Pterichthys. When submitted in their present state to Sir P. Ecerton he has _ 

marked them as “‘ very doubtful—probably not Pterichthys.’’ Enough, however, 

still remains to show that they must have belonged to the great class of tuber- 

culated fish. At Mr Saurer’s request, | have agreed to place these specimens in 

the new museum here. Should they prove to have belonged to any genus allied 

to Pterichthys, the discovery would be one of considerable importance. The 

range of that great family would no longer be confined to the Devonian for- 

mation, and this point might have an important bearing on questions connected 

with systematic geology. Already, in England and elsewhere, these tuberculated 

fish have been found up to the highest beds of the Devonian system; but should 

their discovery at Kinghorn be confirmed, they must be held to have existed 

through the long period of the Lower Carboniferous group, and to have passed far 

up into the Mountain Limestone. It would be well, meantime, if the attention 

of our local geologists were directed to this bone-bed. A thorough search by those 

who could command the necessary time would yield results of considerable 

interest. Before leaving these fish remains, it is right to call attention to 

their position as belonging to the six upper marine limestones. In the corre- 

sponding marine formation of Yorkshire, the fish remains are few or none; and in 

the same marine band, as found in the Lothians, Mr Gerx1e mentions that fish 

remains are also absent. It will be remembered that the ganoid fish now living 

are found only in fresh water, and it might have been argued that their ancient — 

congeners were also fresh-water fish. This idea might have found support from 

the absence of their remains from the deep marine formation of Yorkshire, and 

the marine beds of the Mountain Limestone in the Lothians. The Fife beds, how- 

ever, at once place the whole matter in another light. At Ardross we have the 

remains of Rhizodus and Amblypterus intermingled with the Cephalopods and 

Brachiopods of the ancient seas. At Kinghorn the bone-bed gives us the remains 

of the whole family of carboniferous Ganoids, side by side with those of Cosine 

Sharks, and Brachiopods like the Lingula, all evidently marine. 

One other fossil deserves notice—the Serpulites carbonarius, which is confined, 

so far as I observed, to the two lower beds E and F. Immediately to the west of 

Newark Castle, the bed F yields these remains in great abundance, and fine con- 

dition, in many cases filled with carbonate of lime. 

2. The Estuarine Strata between F and L. 

Underneath the six limestones we find a series of rocks of considerable depth, — 

apparently 1400* feet. That they are fresh water or estuarine, is shown by the 

* Since presenting this paper to the Society, I have gone over these beds to the east of St Monans_ 
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sudden disappearance of the crinoids, corals, and other marine fossils so abundant 

in the overlying beds. The Cypris scoto-burdigalensis is also found in layers so 

distinct, and entering so largely into the composition of the rocks, as fairly to in- 

dicate fresh water conditions. One marking feature also is the abundance of 

Sphenopteris afinis, unknown in the overlying limestones, but all along between 

Elie and St Monans, and farther east down as far as the bed L, it is the prevail- 

ing fossil in this the Estuarine part of the series. 

The well-known Limestones of Burntisland, with their numerous fish remains, 

lie on this level. It is, however, to the east of St Monans and on beyond Pitten- 

ween that the series can be studied to best advantage. The very point in the 

descending order can be fixed where the Sphenopteris begins, and its rapid in- 

crease traced downwards through the strata. Two singular beds of limestone, 

obviously on the same level with those marked G and H at Pettycur, on the 

west, well deserve attention. They are yellow or pale-buff in colour, distinctly 

_ brecciated, often siliceous and cherty, and so much harder in structure than the 

sandstone, that they may be traced on the shore west of Pittenweem harbour, 

standing boldly up in marked outline and running seawards like tall slanting 

walls. In colour and structure they are quite different from the six overlying 

limestones. On the west side there is a bed at Pettycur marked G, which may 

be traced running inland through the railway cutting and sweeping round till it 

reappears behind the Binn, which shows at certain points much of the same 

colour and some tendency to the same brecciated structure, but from the absence 

of siliceous matter it is comparatively soft. 

West of Newark there is in the coal-shale a bed with nodules of clay ironstone, 

containing coprolites, from which I extracted two complete specimens of fish—a 

species of Paleeoniscus. Near the same point, close to an out-burst of intrusive 

trap, is a layer containing good specimens of carboniferous wood in a state of 

charcoal, some of the fragments being very distinct. 

To this part of the series also belongs a shale-bed beyond Crail (close to the 

farm-servants’ houses at Kilminning) containing fish remains, among which I could 

detect the scales of Megalichthys and Eurynotus. It was there I obtained the 

jaw of a small species of fish belonging to the family of Pycnodonts, with five 

rows of tesselated teeth. Of this family, so common in the secondary strata, only 

one previous example is mentioned by Professor Owen as having been found in ~ 

the palzeozoic rocks, a small jaw described as occurring in the coal-field at Leeds. 

That found at Kilminning was upwards of 1000 feet below our Scottishcoal-fields, 

and is probably therefore of a still older date. 

in order to ascertain the thickness of the mass of strata measured in a line perpendicular to the plane 
of the beds. Taking the direct distance from F to L at right angles to the general strike, and taking 
the average dip from a series of measur ements, the result is that this mass of estuarine beds is 

, about 1400 feet in thickness. Such measurements are of course only approximate. 
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3. Limestone L. Line of lower Encrinites. 

Underlying these estuarine beds we have already referred to a thin stratum 
of marine limestone, seen in the cliffs of Pittenween. At various points along the 

coast it again occurs as shown in the section. Its fossils are numerous, and ob- 

viously, even at first sight, similar to those of beds A to F. The following 

kinds have been noticed :— 

Crinoids.—In speaking of the upper limestones, I should have remarked that 

these fossils (the Crinoids) are found everywhere in great profusion in the form 

of detached vertebree or fragments of stems. The bed E, west of Ardross, seems 

to have been a singular storehouse of these remains. Washed out by the sea, they — 

used to lie scattered in thousands along the shore, and under the local name of 

Croupies were familiar as playthings to all the children of Elie. The deposit — 

seems now to be in a great measure exhausted, and those formerly washed out 

are buried by the sand. 

The Crinoids of this lower bed L are smaller and apparently of different species. 

There is among my specimens one Rhodocrinus and one Poteriocrinus, the latter 

showing the head, and being therefore of considerable interest. It has often been 

matter of surprise why the remains of Encrinites in our limestones should consist 

entirely of disjointed stems. “‘ What can have become of the heads of all our — 

Scottish Encrinites?” a leading naturalist once asked me, adding, that of the 

thousands of specimens he had seen he could find nothing but the vertebrae. The 

bold conjecture has, I believe, sometimes been hazarded, that our Scottish En-— 

crinites either never had heads at all or had them of some softer substance than 

their English brethren, so as not to admit of preservation. This somewhat 

whimsical idea might perhaps have been met by asking in reply whether there 

were any analogy to support it; whether other Scottish productions were usually 

more destitute of head or more soft-headed than those of the south? But there 

is really no need for pushing the argument. Specimens enough will be forth- 

coming. Among those here produced is the small head of a Poteriocrinus 

taken from the bed L, the base of the Mountain Limestone, .a little to the south of — 

the Rock and Spindle. 

Corals.—Of these I observed four species, two of which are undetermined. | 

The Cheetetes tumidus is common, and still more so the Fenestella plebeia. 

Shells —Of species not observed in the upper limestones I found the follow- 

ing, viz. :— 
1. Spirifer octoplicatus. 3. Sanguinolites tricostatus. 
2.. Aviculopecten arenosa. 4, Chemnitzia gracilis. 

Of species already found in the beds above, there were — 

1. Productus semi-reticulatus. 

2. Edmondia unioniformis. 
3. Nucula attenuata. 

4, Nucula gibbosa. 
5. Bellerophon decussatus. 
6. Bellerophon Urii. 
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Of these, the most characteristic shell at Pittenweem is the Productus; and 

at Crail, the Edmondia and the Bellerophons, which are abundant and large. 

These three portions—the upper limestones, the estuarine beds, and the line 

of lower Encrinites—have now been described, and their fossils, when viewed to- 

gether, form an assemblage which all will at once recognise as belonging to the 

Mountain Limestone. To this point I shall afterwards advert. Meantime, no 

one can go over the ground without feeling how singularly rich these deposits are 

in the remains of ancient life. Justice has perhaps hardly been done as yet in this 

respect to our Scottish rocks. Among the Crustaceans and fish we have seen that 

there are not afew additions to be made to our extinct Fauna. Of the forty named 

species of shells recorded in this paper, only twelve are found in Professor Nicou’s 

list of Scottish fossils, and the specimens I have mentioned as unnamed species 

will probably furnish still farther additions. It should be remembered that I 

made no special effort to collect fossils, visited no quarries, asked no assistance, 

took only what came in my way. The naturalist, who should, with time at his 

disposal, take up this work would find his researches richly rewarded. 

ITV.—LOWER CARBONIFEROUS. 

Along these shores there occurs a great body of strata underlying L, the line 

of lower Encrinites. 

A distinguishing feature, which at once strikes the observer, is the great pre- 

_ valence of shell-beds—limestones composed of a single species of bi-valve resem- 

bling Unio, and now placed in the genus Myalina or Anthracosia. It were much 

to be desired that these obscure families were dealt with by some competent natu- 

ralist, and their distinctions satisfactorily made out. Meantime, we must be con- 

tent to refer to them as undetermined species of Myalina. One circumstance 

connected with these bedsis, that they increase as we go eastwards, both in num- 

ber and size. Thus, taking the axis at Anstruther, I found not more than two 

shell-beds to the west, only one of -which is of importance, viz., that lying among 

the strata in front of the town. To the east of the axis there are up to bed L at 

least three shell-bands. The lowest sweeps round from Anstruther, running 

inland at Kilrenny, where it is comparatively thick. Two others were detected 

lying at distant intervals in the series above. Near Fife Ness these shell-bands 

are more fully developed, but it is towards Kingsbarns that they come out in all 

their force as limestones, four or five feet thick, consisting of consolidated shells 

piled above each other in countless myriads. They have been compared to banks 

of mussels, and held to indicate a shallow sea, if not estuarine conditions. There 

is a difficulty, however, in their extent, reaching from St Andrews far beyond 

Dunbar, and from Anstruther to Kingsbarns, getting ever the more fully de- 

veloped. It is to be observed also that those portions of the shore, where there 

are on other grounds the greatest indications of estuarine conditions (as from An- 



400 REV. THOMAS BROWN ON THE MOUNTAIN LIMESTONE AND 

struther to Pittenweem), are exactly those in which the shell-beds are least pre- 

valent. One is struck further also with the immense extent to which the ocean 

of that early time must have been pervaded by this form of life, its waters swarm- 

ing with myriads of these bi-valves. It can hardly have been a shallow sea, 

across the bottom of which there stretched continuously layers of dead shells 

four or five feet in thickness, more especially when we observe that just in pro- 

portion as the accompanying beds abound in evidences of marine conditions, 

these bands of Myalina are the more fully developed. 

Among these lower rocks may be noticed the occurrence near Caiplie of what 

is termed in the neighbourhood the petrified forest, a thick bed of sandstone with - 

twelve or fifteen trunks of trees, some of them prostrate, but most showing their 

stumps projecting through the rock. As the bed dips at about fifteen degrees to 

the east, and the trees lie slanting at about seventy-five degrees west, they are 

nearly perpendicular to the plane of the bed, showing that they must have been 

growing on the spot when enveloped in the sand. Unlike those of Craigleith 

there is no real petrifaction ; they are simply casts of the inside of the stem from 

which the bark has subsequently fallen away, but which show obscurely the flut- 

ings and other marks peculiar to the genus Sigillaria. 

Another circumstance of great importance to the understanding of this lower 

series is, that at various levels it shows beds with unequivocal marine fossils. 

Thus there is a stratum with many specimens of Natica in the Billow Ness, and 

across near Caiplie it is again found with the same pretty little shell still better — 

preserved. Again, in the axis of the anti-clinal, near Fife Ness, there occur, along 

with some fish remains, species of Orthoceras, Chemnitzia, and Natica, the two last 

very beautifully preserved. South-east of Cambo is a bed charged with shells, — 

distinctly marine, and on the other side what appears to be the same stratum, 

more fully developed. A species of Schizodus especially, as formerly stated, is — 

found in great profusion. In the neighbourhood of Caiplie also there is a shale- 

bed with specimens of Lingula, on a different level from that in which the Natica 
prevails. 

Shells—Two species may be mentioned, both carboniferous, but different from 

those already referred to: 

Murchisonia trilineata, from near Cambo. 
Lingula marginata, near Caiplie. 

Along with these occurred Orthoceras cylindraceus, and Aviculopecten arenosa. 

These all comparatively lie deep in the series. 

One of the most interesting discoveries which I met with in this lower series 

is a thin stratum of reddish limestone, charged in great abundance with a little 

Annelid, a species of Spirorbis or Serpula. It is allied to the Spirorbis (Micro-_ 

conchus) carbonarius, but larger in size, and, instead of being folded on itself like 

the coil of an Ammonite, is remarkably twisted in a serpentine form. 
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A clear idea of it will be obtained from the following figures and specific cha- 

racter, with remarks, for which I am indebted to Mr Satter :— | 

“ Sptrorbis (Serpula) helicteres, n. sp.” 
S, 4 uncialis, laxe spiratus; anfractibus, 4—5; quorum, 2—8 compactis, reliquis longe vagis,—omnibus 

compressis. Superficies rugosa, lineis incrementi rugisque irregularibus aspera, nec striata. Apertura 

ovata, margini haud incrassato.”’ 

** This striking fossil occurs in distinct beds, grouped hundreds together, yet 

without ostensible attachment to any other object than its own species. The 

helix formed by the compressed whorls is a very open one, and often drawn out 

to more than a quarter of an inch long; the first whorl or two only being discoid. 

The surface is roughened by lines and ridges of growth, but has no distinct strize 

either longitudinal or transverse. 

« §. Archimedis of DE Konincxk (animaux foss de Belge PC. G. f. 6), a fossil 

from the Carboniferous Limestone of Visé, is only slightly compressed. It is 

much more closely coiled, the whorls touching each other, and has close set strice 

and larger plaits in the direction of the lines of growth.” * 

Another feature to be noticed is the marked abundance of Cyclopteris. This 

is especially seen among the rocks from Pittenweem eastward. Both plants occur 

in both portions of the series, but above the bed L Sphenopteris is the prevailing 

form ; below L it is Cyclopteris. 

V. Resutts.—THE two GRovups. 

Mr MactareEn’s classification, in his able work on the “Geology of Fife and the 

Lothians,” has been in substance adhered to by subsequent writers. Underlying 

the coal-field there is first a zone of encrinal limestone, comparatively thin, 

* Mr Sarrer, MSS. Our fossil is imbedded in the stone, which.is to a large extent made up 
of it; but the weathered surface often shows the fossil very beautifully, the white snake-like form 
charged with carbonate of lime being well relieved by the dark red of tlie limestone. The bed occurs 

‘ among the rocks of the shore near Fife Ness, a short way to the north-west of Baleomie Sands. 
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Beneath this there is a large mass of strata, the calciferous sandstones of his 

nomenclature,—the lower carboniferous of subsequent authors. When I began 

these observations on the Fifeshire coast, I held to this received view, and put — 

the strata into two groups. Down to the bed F all was marine, and marked — 

by me as the Mountain Limestone; below F came the estuarine beds,—the lower 

carboniferous. . 

What first shook my confidence in this classification was the discovery of the 

marine bed L, or rather the results obtained, after a full examination of its fossils. 

Lying 1400 feet down among these estuarine strata, it exhibited not only the same 

fauna with the upper six limestones, but that fauna amply developed. Why 

should it not go into the same group with these upper beds ? 

Next came the question, whether the difference of character between Estuarine 

and Marine could form a safe ground for distinguishing the groups,—it might or — 

it might not be convenient as a local arrangement, but if the groups were so 

formed, would the classification be of any value on a wider area when brought 

into comparison with the strata of other districts? 

But what proved most decisive, was an examination of the great mass of strata 

underlying L. Studying these lower beds on to Fife Ness and northwards, it 

became evident that they had a character of their own by which they might be 

defined and recognised,—that L was really the lowest point or base line of an 

upper group, and that the two were separated by characters more to be depended 

on than the difference between a fresh-water and marine formation. 

The only difficulty in assigning the bed L to the upper group is the fact that 

the mass of strata intercalated between F and L are Estuarine, while these two 

beds are Marine, but there should really be no hesitation in setting aside this 

character as a ground of distinction. Every epoch has its fresh-water and salt- 

water beds contemporaneously formed. Just as at this moment deposits are 

going on simultaneously in our fresh-water lakes like Loch Lomond, in our estu- 

aries, as among the upper reaches of our Firth, as well as in the open sea, all 

representing the same point of time, so the fact that a mass of strata is estuarine 

does not in the least disconnect it with the period of the two limestone bands be- 

tween which it is intercalated. It must be grouped along with them, so that the 

whole mass of the nine limestone bands from A to L, with their accompanying 

strata, must be associated together. 

Now there cannot be any ground even for hesitation as to what portion of the 

geological scale this group belongs to. The fossils which we have enumerated 

not only as a whole, must be referred to the Mountain Limestone, but contain a 

large proportion of the species held to be decisive as characterising that formation. 

Take a list of shells like Productus giganteus, P. semi-recticulatus, P. longispinus, 

Athyris ambigua, A. Royssii, Rhynconella pleurodon, Edmondia unioniformis, 

Bellerophon Urii, B. decussatus,—let these and others similar not only be found, but 
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be the prevailing forms in a group of rocks, and any one accustomed to deal with 

such questions will hold the conclusion irresistible—that group is simply the 
Mountain Limestone. This is one of the best marked and most thoroughly under- 

stood portions in the whole series of ancient rocks. Powerfully developed in York- 

shire, it passes south by Bristol into Devonshire and Wales, crosses over into Ireland, 

where, north and south, the level of the great Scaur Limestone has been well 

recognised. Spreading over the kingdom, this belt of Mountain Limestone lies 

everywhere on the same geological horizon, and what we have here on the Fife- 

shire coast overlying the bed L is simply a powerful mass of strata forming a 

prolongation of the same great series. The limit of the group upwards I have 

not examined. 

The question, therefore, which suggested itself on the shore at Ardross, on 

_ first looking at the limestone bed with its fossils, has been satisfactorily solved. 
Its place is somewhere about 1400 feet above the base of that great series which 

is recognised over the kingdom as the Mountain Limestone proper. 

And now, in regard to the inferior group—the Lower Carboniferous—Mr Grrk1Ee 

recognising the insufficiency of the difference between the fresh-water and marine 

character of beds as a ground of distinction between the groups, has proposed to 

regard the whole carboniferous series beneath our coal-fields as the representative 

merely of the marine Mountain Limestone of Yorkshire.* There seems, however, 

reason to believe that the lower portion belongs to that antecedent period which 

ushered in the Mountain Limestone proper. Should this be confirmed, it will give 

_ special importance to our Scottish rocks, as casting valuable light on the obscure 

introductory stage of the carboniferous era. The difference of this group from 

the other is no doubt only one of degree, for both are carboniferous and belong 

to the same formation ; but referring back to the details of our general description 

in the preceding section, the following points may be noted as distinctive of the 

lower series, viz. :— 

1. The prevalence of Myalina beds throughout the strata below L. 

2. The comparative abundance of Sphenopteris affinis above L, and of Cyclop- 

teris below it. Both plants occur in both series, but their comparative abundance 

is markedly different. 

3. The most important point is that the carboniferous fauna of the Mountain 

Limestone is seen only in an incipient state. 

This was not for want of sea-room in which to show itself. There was room 

for Pectens, Modiolze, and Schizodi, just as in the limestones above and what is not 

less conclusive, there was room for Gasteropods like Murchisonia, Chemnitzia, 

Natica, and Cephalopods, like Orthoceras. But where are the Corals, the Encri- 

nites, the immense development of Brachiopods, all those great characteristic 

forms of life that make the Mountain Limestone fauna what it is. If they occur 

* See his interesting work ‘‘ The Story of a Boulder,” p. 195. 
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at all it must be scantily, and weseem warranted in holding that the rocks below 

L exhibit that great fauna only in its feeble beginnings. Thus the bed L, marking 

the point where it fairly took possession of the ancient seas, forms the true base- 

line of the upper group. 

It may confirm these views to observe that an underlying series of strata of 

the same kind has been found in other parts of the kingdom. In Yorkshire no- 

thing carboniferous is seen below the Mountain Limestone, but these lower beds 

have been traced at Bristol, in South Wales, and still more fully in Ireland. The 

Calp. series in the north and the Comhoola grits in the south, with their accom- 

panying strata, are described as occurring in a position beneath the Mountain 

Limestone, closely analogous to that of our lower series. In these different dis- 

tricts the group, while agreeing in its general features, varies according to the 

locality. These varying aspects should be carefully studied and compared, and 

when the results are fully wrought out, the effect will be to unfold many a deeply 

interesting page in the opening history of the great carboniferous era. It isfrom 

Fife Ness on to St Andrews that the beds are most fully developed with us, and 

the few details which I have endeavoured to record, will, I trust, be sufficient to 

show the interesting nature of the field, and the value of those results which are 

yet to be brought to light. 
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XVII.—On the Reduction of Observations of Underground Temperature ; with 

Application to Professor Forbes’ Edinburgh Observations, and the continued 
Calton Hill Series. By Professor WitLIAM THomson. 

(Read 30th April 1860.) 

I.—Analysis of Periodic Variations. 

1. Every purely periodical function is, as is well known, expressible by means 

of a series of constant coefficients multiplying sines and cosines of the indepen- 

dent variable with a constant factor and its multiples. This important truth was 

arrived at by an admirable piece of mathematical analysis, called for by DANIEL 

BERNOUILLI, partially given by La GRANGE, and perfected by FourtEr. 

2. To simplify my references to the mathematical propositions of this theory, 
I shall commence by laying down the following definitions :— 

Def. 1. A simple harmonic function is a function which varies as the sine or 

cosine of the independent variable, or of an angle varying in simple proportion with 

the independent variable. The harmonic curve is the well known name applied 

to the graphic representation, on the ordinary Cartesian system, of what Iam now 

defining as a simple harmonic function. It is the form of a string vibrating in 

such a manner as to give the simplest and smoothest possible character of 

sound ; and, in this case, the displacement of each particle of the string is a har- 

monic function of the time, besides being a harmonic function of the distance of 

its position of equilibrium from either end of the string. The sound in this case 

may be called a perfect unison. 

Def. 2. The argument of a simple harmonic function is the angle to the sine or 

cosine of which it is proportional. 

Cor. The argument of a harmonic function is equal to the independent vari- 

able multiplied by a constant factor, with a constant added ; that is to say, it may 

be any linear function of the independent variable. 

Def. 3. When time is the independent variable, the epoch is the interval 
which elapses from the era of reckoning till the function first acquires a maxi- 

mum value. The augmentation of argument corresponding to that interval will 

be called “the epoch in angular measure,” or simply “ the epoch” when no am- 

biguity can exist as to what is meant. 

Def. 4. The period of a simple harmonic function is the augmentation which 

the independent variable must receive to increase the argument by a circum- 

ference. 

Cor. If c denote the coefficient of the independent variable in the argument, 
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the period is equal to = Thus, if T denote the period, < the epoch in angular 

measure, and ¢ the independent variable, the argument proper for a cosine is 

Qat _, 
T ? 

and the argument for a sine 
Qat T 

cere 2) 

3. Composition and Resolution of Simple Harmonic Functions of one Period. 

Prop. The sum of any two simple harmonic functions of one period is equal 

to one simple harmonic function whose amplitude is the diagonal of a parallelo- 

gram described upon lines drawn from one point to lengths equal to the ampli- 

tudes of the given functions, at angles measured from a fixed line of reference 

equal to their epochs, and whose epoch is the inclination of the same diagonal to 

the same line of reference. 

Cor. 1. If A, A’ be the amplitudes of two simple harmonic functions of equal 

period, and ¢, «’ their epochs; that is to say, if A cos (mt—e), A’ cos (mt—¢) be 

two simple harmonic functions; the one simple harmonic function equal to their 

sum has for its amplitude and its epoch the following values respectively :— 

amplitude) {(A cose+A’ cos ’)?+(A sine+A’sin ¢)?}4; or {A?+2AA’ cos (¢—«) + A?}5 Pp 

—1 A sin s+ A’ sin ¢' 

(epoch) A cos «+ A’ cos ¢ 

Cor. 2. Any number of simple harmonic functions, of equal period, added 

together, are equivalent to a single harmonic function of which amplitude and 

epoch are derived from the amplitude and epochs of the given functions, in the 

same manner as the magnitude and inclination to a fixed line of reference, of 

the resultant of any number of forces in one plane, are derived from the magni- 

tudes and the inclinations to the same line of reference of the given forces. 

Cor. 8. The physical principle of the superposition of sounds being admitted, 

any number of simple unisons of one period co-existing, produce one simple 
unison of the same period, of which the intensity (measured by the square of the 

amplitude) and the epoch are determined in the manner just specified. 

Cor. 4. The sum of any number of simple harmonic functions of one period 

vanishes for every argument, if it vanishes for any two arguments not differing 

by a semi-circumference, or by some multiple of a semi-circumference. 

Cor. 5. The co-existence of perfect unisons may constitute perfect silence. 

Cor. 6. A simple harmonic function of any epoch may be resolved into the 

sum of two whose epochs are respectively zero and a quarter period, and whose 

amplitudes are respectively equal to the value of the given function for the 

arguments zero and a quarter period respectively. ’ 
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4. Complex Harmonic Functions.—Harmonic functions of different periods 

added, can never produce a simple harmonic function. If their periods are com- 

mensurable their sum may be called a complex harmonic function. 

Cor. A complex harmonic function is the proper expression for a parted 

harmony in music. 

5. Hxpressibility of Arbitrary Functions by Trigonometrical series. 

Prop. A complex harmonic function, with a constant term added, is the 

proper expression, in mathematical language, for any arbitrary periodic function. 

6. Investigation of the Trigonometrical Series expressing an. Arbitrary Func- 

tion.—Any arbitrary periodic function whatever being given, the amplitudes and 

epochs of the terms of a complex harmonic function, which shall be equal to it 

for every value of the independent variable, may be investigated by the 

« method of indeterminate coefficients,” applied to determine an infinite number 

of coefficients from an infinite number of equations of condition, by the assist- 

ance of the integral calculus, as follows :— 

Let F(¢) denote the function, and T its period. We must suppose the value 

of F(z) known for every value of ¢, from ¢=o tot=T. Let M, denote the constant 

term, and let M,, M,, M,, &c., denote the amplitudes, and ¢,, ¢,, ¢,, &c., the 

epochs of the successive terms of the complex harmonic functions by which it is 
to be expressed ; that is to say, let these constants be such that 

9 

F(¢)=M, +4 M, cos Cr-s) + M, cos (“r —*) + M, cos (or -s) + &. 

Then, expanding each cosine by the ordinary formula, and assuming 

M, coss,=A,, M, coss,=A,, &e. 

M, sins, =B,, M, sins, =B,, &e. 

we have 

Qart Agr ist 
F@)=A,+ A, cos ae + Ay cos ar tA cos + tee. 

+B, sin =e + B, sin 7 +B, sin 7 + be. 

Multiplying 

tegrating from ¢=o0 to t=T, we ise 
T a AN ig 

[x cos ear cag Wad ; iS T 

=A, x4T, when 7 is any integer ; 

=A,xT, when 7 =0. 
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Hence 
if uy 

s=ql FO at 

A, =3 fro cos aE 

and similarly we find ae F(¢) sin ga dt:— 

equations by which the coefficients in the double series of sines and cosines are 

expressed in terms of the values of the function supposed known from ¢=o0 to 

t=T. The amplitudes and epochs of the single harmonic terms of the chief — 

period and its submultiples are calculated from them, according to the following 

formula :— . 

Tan ¢.= B, 2 es +B)! ah ay a 

(or for logarithmic calculation, M,=A, sec ¢)), 

The preceding investigation is sufficient as a solution of the problem,—to 

find a complex harmonic function expressing a given arbitrary periodic function, 

when once we are assured that the problem is possible; and when we have this 

assurance, it proves that the resolution is determinate ; that is to say, that no other 

complex harmonic function than the one we have found can satisfy the conditions. 

For a thorough and most interesting analysis of the subject, supplying all that is — 

wanting to complete the investigation, and giving admirable views of the problem 

from all sides, the reader is referred to Fourter’s delightful treatise. A concise — 

and perfect synthetical investigation of the harmonic expression of an arbitrary 

periodic function is to be found in Poisson’s ‘‘ Theorie Mathématique de la 

Chaleur,” chap. vii. 

Il.—Periodie Variations of Terrestrial Temperature. 

7. If the whole surface of the earth were at each instant of uniform tempera- 

ture, and if this temperature were made to vary as a perfectly periodic function 

of the time, the temperature at any internal point must ultimately come to vary 

also as a periodic function of the time, with the same period, whatever may 

have been the initial distribution of temperature throughout the whole. Fourrer’s 

principles show how the periodic variation of internal temperature is to be con- 

ceived as following, with diminished amplitude and retarded phase, from the vary- 

ing temperature at the surface supposed given: and by his formule the precise — 

law according to which the amplitude would diminish and the phase would be — 

retarded, for points more and more remote from the surface, if the figure were — 

truly spherical and the substance homogeneous, is determined. 

8. The largest application of this theory to the earth as a whole is to the ana~— 
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lysis of imaginable secular changes of temperature, with at least thousands of mil- 
lions of years for a period. In such an application, it would be necessary to take 
into account the spherical figure of the earth as a whole. Periodic variations at 
the surface with any period less than a million* of years will, at points below the 
surface, give rise to variations of temperature not appreciably influenced by the 
general curvature, and sensibly agreeing with what would be produced if the 
surface were an infinite plane, except in so far as they are modified by superficial 
regularities. Hence Fourier’s formule for an infinite solid, bounded on one 
side by an infinite plane, of which the temperature is made to vary arbitrarily, 
contain the proper analysis for diurnal or annual variations of terrestrial tem- 
perature, unless a theory of the effect of inequalities of surface (upon which no 
investigator has yet ventured) is aimed at. 

9. The effect of diurnal variations of temperature becomes insensible at so 
small a distance below the surface, that in most localities irregularities of soil 
and drainage must prevent any very satisfactory theoretical treatment of their 
inward progression and extinction from being carried out. At depths exceeding 
three feet below the surface, all periodic effects of daily variations of temperature 
become insensible in most soils, and the observable changes are those due to a 

daily average, varying from day today. If now the annual variation of tem- 

perature were truly periodic, a complex harmonic function could be deter- 

mined to represent for all time the temperature at three feet or any greater 

depth. But in reality the annual variation is very far from recurring in a per- 
fectly periodic manner, since there are both great differences in the annual aver- 

age temperatures, and never-ceasing irregularities in the progress of the variation 

within each year. A full theory of the consequent variations of temperature pro- 
pagated downwards, must include the consideration of non-periodic changes; but’ 

the most convenient first step is that which I propose to take in the present com- 

munication, in which the average annual variations for groups of years will be 

discussed according to the laws to which periodic variations are subject. 

10. The method which Fourier has given for treating this and other similar 

problems is founded on the principle of the independent superposition of thermal 

conductions.' This principle holds rigorously in nature, except in so far as the 

* A periodic variation of external temperature of one million years’ period would give variations 
of temperature within the earth sensible to one thousand times greater depths than a similar varia- 
tion of one year’s period. Now the ordinary annual variation is reduced to »4 of its superficial 
amount at a depth of 25 French feet, and is scarcely sensible at a depth of 50 French feet (being 
there reduced, in such rock as that of Calton Hill, to ;3,). Hence, at a depth of 50,000 French 
feet, or about ten English miles, a variation having one million years. for its period would be reduced 
to zy. If the period were ten thousand million years, the variation would similarly be reduced to 
zoo at 1000 miles’ depth, and would be to some appreciable extent affected by the spherical figure 
of the whole earth, although to only a very small extent, since there would be comparatively but 
very little change of temperature (less than 345 of the superficial amount) beyond the first layer of 
500 miles’ thickness. 
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conductivity or the specific heat of the conducting substance may vary with the 

changes of temperature to which it is subjected; and it may be accepted with 

very great confidence in the case with which we are now concerned, as it is not 

at all probable that either the conductivity or the specific heat of the rock or soil 

can vary at all sensibly under the influence of the greatest changes of tempera- 

ture experienced in their natural circumstances; and, indeed, the only cause 

we can conceive as giving rise to sensible change in these physical qualities is the 

unequal percolation of water, which we may safely assume to be confined in ordi- 

nary localities to depths of less than three feet below the surface. The particular 

mode of treatment which I propose to apply to the present subject consists in 

expressing the temperature at any depth as a complex harmonic function of the 

' time, and considering each term of this function separately, according to FourRIER’s 

formulze for the case of a simple harmonic variation of temperature, propagated 

inwards from the surface. The laws expressed by these formule may be stated 

in general terms as follows. 

11. Fourier’s Solution stated.*—If the temperature at any point of an infinite 

plane, in a solid extending infinitely in all directions, be subjected to a simple 

harmonic variation, the temperature throughout the solid on each side of this 

plane will follow everywhere according to the simple harmonic law, with epochs 

retarded equally, and with amplitudes diminished in a constant proportion for 

equal augmentations of distance. The retardation of epoch expressed in circular — 

measure (arc divided by radius) is equal to the diminution of the Napierian 

logarithm of the amplitude; and the amount of each per unit of distance is equal 

to Ni a if c denote the capacity for heat of a unit bulk of the substance, and & its 

conductivity.+ : 
12. Hence, if the complex harmonic functions expressing the varying tem- 

perature at two different depths be determined, and each term of the first be 

compared with the corresponding term of the second, the value of af TE may be 

determined either by dividing the difference of the Napierian logarithms of the © 
amplitudes or the difference of the epochs by the distance between the points. — 
The comparison of each term in the one series with the corresponding term in the 

other series gives us, therefore, two determinations of the value of di — which 

should agree perfectly, if (1) the data were perfectly accurate, if (2) the isother- ; 

mal surfaces throughout were parallel planes, and if (3) the specific heat and — 

conductivity of the soil were everywhere and always constant. a 

* For the mathematical demonstration of this solution, see Note appended to Professor EVERETI’S — 
paper, which follows the present article in the Transactions. ig 

} That is to say, the quantity of heat conducted per unit of time across a unit area of a plate of 
unit thickness, with its two surfaces permanently maintained at temperatures differing by unity, 
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As these conditions are not strictly fulfilled in any natural application, the 

first thing to be done in working out the theory is to test how far the different 

determinations agree, and to judge accordingly of the applicability of the theory 

in the circumstances. If the test thus afforded prove satisfactory, the value of 

the conductivity in absolute measure may be deduced from the result with the 

aid of a separate experimental determination of the specific heat. 

13. The method thus described differs from that followed by Professor ForBEs 

in substituting the separate consideration of separate terms of the complex har- 

monic function for the examination of the whole variation unanalysed, which he 

conducted according to the plan laid down by Potsson. 

This plan consists in using the formule for a simple harmonic variation, 

as approximately applicable to the actual variation. At great depths the ampli- 

tudes of the second and higher terms of the complex harmonic function become 

so much reduced as not sensibly to influence the variation, which is consequently 

there expressed with sufficient accuracy by a single harmonic term of yearly 

period; but at even the greatest depths for which continuous observations have 

actually been made, the second (or semi-annual) term has a very sensible in- 

fluence, and the third and fourth terms are by no means without effect on the 

variations at three feet and six feet from the surface. A close agreement with 

theory is therefore not to be expected, until the method of analysis which I now 

propose is applied. It may be added, that in the theoretical reductions hitherto 

made, either by Professor Forzes or others, the amplitudes of the variations for 

the different depths have alone been compared, and the very interesting conclu- 

sion of theory, as to the relation between the absolute amount of retardation of 

phase and the diminution of amplitude for any increase of depth, has remained 

untested. 

14. In Professor ForBgs’s paper,* the very difficult operations which he had 

performed for effecting the construction and the sinking of the thermometers, and 

the determination of the corrections to be applied to obtain the true temperatures 

of the earth at the different depths from the readings of the scales graduated on 
their stems protruding above the surface, are fully described. The results of 
five years’ observations—1837 to 1842—are given, along with most interesting 

graphical representations and illustrations. A process of graphic interpolation, 
for estimating the temperatures at times intermediate between those of observa- 
tions, is applied for the purpose of obtaining data from which the complex har- 
monic functions expressing the temperatures actually observed for the different 
depths are determined. I am thus indebted to Professor Fores for the mode of 
procedure (described below) which I have myself followed in expressing the 
variations of temperature during the succeeding thirteen years for the Calton Hill 

* Account of Some Experiments on the Temperature of the Earth at Different Depths and in 
Different Soils near Edinburgh; T'ransactions R.S.E., Vol. XVI. Part II. Edinburgh, 1846, 
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station (where alone the observations were continued). The only variation from 

his process which I have made is, that instead of taking twelve points of division 

for the yearly period I have taken thirty-two, with a view to obtaining a more 

perfect representation of all the features of the observed variations, and a more 

exact average for the principal terms, especially the annual and the semi-annual 

terms of the complex harmonic function expressing them. 

15. Application of the General Theory to Five Years’ Observations—1837 to 
1842—at Professor Forses’s three Thermometric Stations—The first application 

which I made of the analytical theory explained above, was to the harmonic 

terms which Professor Forbes had found for expressing the average annual pro- 

sressions of temperature during the five years’ term of observations at the three 

stations. These terms (which I have recalculated to get their values true to a 

greater number of significant figures), with alterations of notation which I have 

found convenient for the analytical expressions, are as follows :— 

Three Feet below Surface. 

Observatory, ; . 45:49+47°39 cos 27 (t— *63)+0'362 cos 2x (2t—*669) 
Experimental Gardens, 46°13+ 9°00 cos 27 (¢—°616) + 0°737 cos 27 (2t—+183) 
Craigleith, . : . 45°88 +8°16 cos 27 (¢—-617) + 0°284 cos 2¢ (2t—"154) 

Six Feet below Surface. 

Observatory, i . 45°86 +5°'06 cos 27 (t—°686) + 0°433 cos 2% (2t—-731) 
Experimental Gardens, 46°42 +6°66 cos 27 (t—'665)+0°501 cos 2¢ (2t—-182) 
Craigleith, . : . 45°9246°16 cos 2a (t—-649) + 0-368 cos 2a (2t—-305) 

Twelve Feet below Surface. 

Observatory, “ . 46:36 42°44 cos 24 (t—-799) + 0:075 cos 2x (2t—'833) 
Experimental Garden, . 46°76 43°38 cos 2a (t—-782) + 0-230 cos 2a (2¢—*390) 
Craigleith, . : . 45°92+4 4°22 cos 2a (t— 713) + 0:067 cos 2¢ (2t—°819) 

Twenty-four Feet below Surface. 

Observatory, - . 46°87 +0:655 cos 2% (¢—1:013) 

Experimental Garden, . 47:09 +0-920 cos 24(¢— -986) 
Craigleith, . . . 46:07+1:940 cos 27(t— +849) 

The semi-annual terms in these equations present so great irregularities (those 

for the Calton Hill station, for instance, showing a greater amplitude at 6 feet 

deep than at 3 feet), that no satisfactory result can be obtained by including them | 

in the theoretical discussion on which we are now about to enter. We shall see 

later, however, that when an average for the whole period of eighteen years for — 

the Calton Hill station is taken, the semi-annual terms are, for the 3 feet and 6 

feet depths, in fair agreement with theory; and for the two greater depths are as 

small as is necessary for the verification of the theory, and so small as to be much ~ 

influenced by errors of observation and of reduction, or of “ corrections” fortem-_ 

perature of the thermometer tubes. For the present, we attend exclusively to the — 

annual terms. The amplitudes and epochs of these terms, extracted from the 

preceding equations, are shown in the following table :— 
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TABLE III.—ANNUAL HARMONIC VARIATIONS OF TEMPERATURE. 

EXPERIMENTAL GARDEN. CRAIGLEITH QUARRY. CaLTON HILL. 

low sur ; nec : 
face in | Amplitudes Epochs of Maximum. Amplitudes Epochs of Maximum. Amplitudes Epochs of Maximum. 

hb A in d aaa ind _ 

a — In Degs. and | In Months be Sue In Degs. and | In Months ae mgs In Degs. and |In Months 

Mins, and Days. Mins. and Days. Mins. and Days. 

fe} 

7386 | 226 52 |Aug.19 291 40’ |Aug.13] 8-069 | 2990’ |Aug.14 3 

6 5063 247 5 = |Sept. 8 239 20 31 6148 233 43’ 26 

12 2°455 287 30' |Oct. 19 281 27' | Oct.13] 4-216 256 42' |Sept. 17}- 

24 0:655 3656 |Jan. 6 355 0’ | Dec. 27 1:836 305 46 |Nov. 7 

By taking the differences of the Napierian logarithms of the amplitudes, and the 

differences of epochs reduced to circular measure (are divided by radius), thus 

shown for the different depths, and dividing each by the corresponding difference 

of depths, we find the following numbers. 

TABLE IV.—RatTEs oF LOGARITHMIC DIMINUTION IN AMPLITUDE, AND OF RETARDATION 

In Erocu, oF ANNUAL HARMONIC VARIATIONS DOWNWARDS. 

CaLtTon Hix. EXPERIMENTAL GARDEN. CRAIGLEITH QUARRY. 

‘Depths below | Rate of Diminu- | Rate of Retarda- | Rate of Diminu- | Rate of Retarda- | Rate of Diminu- | Rate of Retarda- 
surface in | tion of Napierian | tion of Epoch in | tion of Napierian | tion of Epoch in | tion of Napierian | tion of Epoch in 
French feet. | Logarithm of Am-| Circular Measure, | Logarithm of Am-| Circular Measure, | Logarithm of Am-| Circular Measure, 

plitude per foot of per foot of plitude per foot of per foot of plitude per foot of per foot of 
Descent. Descent. Descent. Descent. Descent. Descent. 

BtoGfeet.| °1259 1176 1004 1163 09372 06399 
6 to 12 -1206 ‘1176 ‘1130 ‘1193 06304 -06690 
12 to 24 ‘1101 1129 1084 1062 06476 06690 

3 to 24 1154 ‘1149 "1082 71114 °06841 -06648 

16. Ali the numbers here shown for each station would be equal, if the con- 

ditions of uniformity supposed in the theoretical solution were fulfilled. The 

discrepancies are, with the exception of one of the numbers for Craigleith Quarry, 

on the whole small—smaller, indeed, than might be expected, when the very 

notable deviations of the true circumstances from the theoretical conditions are 

considered. The mean results over the 21 feet, shown in the last line, present very 

remarkable agreements: the numbers derived from amplitudes being identical 

with that derived from epochs for the Calton Hill station ; while the differences 

between the corresponding numbers for the two other stations are in each case 

only about 3 per cent. Taking that one number for the first station, and the 

mean of the slightly differing numbers derived from amplitudes and from epochs 

respectively, for the second and third, we have undoubtedly very accurate deter- 
. Te ¢ ; : 

minations of the value of if oe for the three stations, which are as follows :— 
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Calton Hill Trap Rock. |Experimental Garden Sand. |Craigleith Quarry Sandstone. 

re 
ae 1154 

A continuation of the observations at Calton Hill not only leads, as we shall 

see, to almost identical results, both by diminution of amplitude and by retarda- 

tion, on the whole 21 feet, but also reproduces some of the features of discrepance 

presented by the progress of the variation through the intermediate depths; and 

therefore confirms the general accuracy of the preceding results, for all the 

stations, so far as it might be questioned because of only five years’ observations 

having been available. Further consideration of these results, and deduction of 

the conductivities of the different portions of the earth’s crust involved, is deferred 

until after we have taken into account the farther data for Calton Hill, to the 

reduction of which we now proceed. 

17. Application to Thirteen Years’ Observations (1842-1854) at the Thermo- 

metric Station, Calton Hill—The observations on thermometers fixed by Professor 

Forbes at the different depths in the rock of Calton Hill, have been regularly 

continued weekly till the present time by the staff of the Royal Edinburgh 

Observatory, and regularly corrected to reduce to true temperatures of the bulbs, 

on the same system as before. Tables of these corrected observations, for the 

twelve years 1842 to 1854 inclusive, having been supplied to me through the 

kindness of Professor Piazzi Smyth, I have had the first five terms of the har- 

monic expression for each year determined in the following manner :*—In the first 

place, the observations were laid down graphically, and an interpolating curve — 

drawn through the points, according to the method of Professor Forbes. The 

four curves thus obtained represent the history of the varying temperature at the — 

four different depths respectively, as completely and accurately as it can be 

inferred from the weekly observations. The space corresponding to each year — 

was then divided into 32 equal parts (the first point of division being taken at 

the beginning of the year), and the corresponding temperatures were taken from 

the curve. The co-efficients of the double harmonic series (cosines and sines) for 

each year were calculated from these data, with the aid of the forms given by Mr _ 

Archibald Smith, and published by the Board of Admiralty, for deducing the 

harmonic expression of the error of a ship’s compass from observations on the 

32 points. The general form of the harmonic expression being written thus— 

V=A,+A, cos 2at+B, sin 2xt+ A, cos 4a¢+B, sin 4at+ &e., 

where V denotes the varying temperature to be expressed, and ¢ the time, in 

terms of a year as unit. The following table shows the results which were | 
obtained, with the exception of the values of A, :— = 

* The operations here described, involving, as may be conceived, no small amount of labour, _ 
were performed by Mr D. M‘Farlane, my laboratory assistant, and Mr J. D. Everett, now Professor 
of Mathematics and Natural Philosophy in King’s College, Windsor, N.S. 
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The values which were found for A, should represent the annual mean tempera- 

tures. They differ slightly from the annual means shown in the Royal Observatory 

Report, which, derived as they are from a direct summation of all the weekly 

observations, must be more accurate. The variations, and the final average 

values of these annual means, present topics for investigation of the highest 

interest and importance, as I have remarked elsewhere (see British Association’s — 

Report, section A, Glasgow, 1855); but as they do not belong to the special sub- 

ject of the present paper, their consideration must be deferred to a future occasion. 

18. Theoretical Discusston.—The mean value of the coefficients in the last 

line of the table, being obtained from so considerable a number of years, can be — 

but very little influenced by irregularities from year to year, and must therefore 

correspond to harmonic functions for the different depths, which would express 

truly periodic variations of internal temperature consequent upon a continued — 
periodical variation of temperature at the surface. 

19. According to the principle of the superposition of thermal conductions, 

the difference between this continuous harmonic function of five terms for any 

one of the depths, and the actual temperature there at the corresponding time of 

each year, would be the real temperature consequent upon a certain real varia- 

tion of superficial temperature. Hence the coefficients shown in the preceding 
table afford the data, first by their mean values, to test the theory explained — 

above for simple harmonic variations, and to estimate the conductivity of the 

soil or rock, as I propose now to do; and secondly, as I may attempt on a future 

occasion, to express analytically the residual variations which depend on the 

inequalities of climate from year to year, and to apply the mathematical theory — 

of conduction to the nonperiodic variations of internal temperature so expressed. - 

20. Let us, accordingly, now consider the complex harmonic functions corre- 

sponding to the mean coefficients of the preceding table, and, in the first place, let 

us reduce the double harmonic series in each case to series in each of which a 

single term represents the resultant simple harmonic variation of the period to — 
which it corresponds, in the manner shown by the proposition and formule of 

§ 3 above. | 

21. On looking to the annual and semi-annual terms of the series so found, 

we see that their amplitudes diminish, and their epochs of maximum augment, — 

with considerable regularity, from the less to the greater depths. The following 

table shows, for the annual terms, the logarithmic rate of diminution of the 

amplitudes, and the rate of retardation of the epoch between the points of obser- 

vation in order of depth :— 
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TABLE VI.—AVERAGE OF THIRTEEN YEARS, 1842 To 1854; Trap Rock 

oF CALTON HILL. 

Diminution of Napierian 
Depths below surface, | logarithm of amplitude 

in French feet, per French foot of de- 
scent, 

Retardation of epoch in 

circular measure, per 
French foot of descent. 

8 to 6 feet ‘1310 +1233 

+ 6to12 ,, 1163 1140 
12 to 24 ,, ‘1121 1145 

3 to 24 feet ‘1160 ‘1156 

22. The numbers here shown would all be the same, if the conditions of uni- 

formity supposed in the theoretical solution were fulfilled. Although, as in the 

previous comparisons, the agreement is on the whole better than might have been 

expected, there are certainly greater differences than can be attributed to errors 

of observation. Thus, the means of the numbers in the two columns are for the 

three different intervals of depth in order as follows :— 

Mean deductions from amplitude 
: and epoch, 

orto .G'ieet, >: : ; , : 27 
6tol2 ,, 7G - : : : 115 

12 to 24 ,, : : . : : "113 

_ —numbers which seem to indicate an essential tendency to diminish at the greater 

depths. This tendency is shown very decidedly in each column separately; and 

it is also shown in each of the corresponding columns, in tables given above, 

of results derived from Professor Forbes’ own series of a period of five years. 

23. There can be no doubt but that this discrepance is not attributable to 

errors of observation, and it must therefore be owing to deviation in the natural 

circumstances from those assumed for the foundation of the mathematical for- 

mulz. In reality, none of the conditions assumed in Fourier’s solution is rigor- 

ously fulfilled in the natural problem; and it becomes a most interesting subject 

for investigation to discover to what particular violation or violations of these 

conditions the remarkable and systematic difference discovered between the deduc- 

tions from the formula and the results of observation is due. In the first place. 

the formula is strictly applicable only to periodic variations, and the natural 

variations of temperature are very far from being precisely periodic; but if we 

take the average annual variation through a sufficiently great number of years, 

it may be fairly presumed that irregularities from year to year will be eliminated ; 

and that the discrepance we have now to explain does not depend on residual 

inequalities of this kind seems certain, from the fact that it exists in the average 
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of Professor Forbes’ first five years’ series no less decidedly than in that of the 

period of thirteen years following. 

24. For the true explanation we must therefore look either to inequalities (for- 

mal or physical) in the surface at the locality, or to inequalities of physical char- 

acter of the rock below. It may be remarked, in the first place, that if the rates 

of diminution of logarithmic amplitude and of retardation of epoch, while less, as — 

they both are, at the greater depths, remained exactly equal to one another, the 

conductivity must obviously be greater, and the specific heat less in the same pro- 

portion inversely, at the greater depths. For in that case, all that would be 

necessary to reconcile the results of observation with Fouriger’s formula, would 

be to alter the scale of measurement of depths so as to give a nominally constant 

rate of diminution of the logarithmic amplitude and of the retardation of epoch ; 

and the physical explanation would be, that thicker strata at the greater depths, 

and thinner strata at the less depths (all of equal horizontal area), have all equal 
conducting powers and equal thermal capacities. * 

25. Now, in reality, a portion, but only a portion, of the discrepance may be 

done away with in this manner; for while the logarithmic amplitudes and the 

epochs each experience a somewhat diminished rate of variation per French foot 
of descent at the greater depths, this diminution is much greater for the former 

than for the latter; so that although the mean rates per foot on the whole 21 

feet are as nearly as possible equal for the two, being ‘1160 for the logarithmic 

amplitudes, and °1156 for the epoch), the rate of variation of the logarithmic 

amplitude exceeds that of the epoch by about 6 per cent., on the average of the 

stratum 3 to 6 feet; and falls short of it by somewhat more than 2 per cent., in — 

the lower stratum, 12 to 24 feet. To find how much of the discrepance is to be 

“explained by the variation of conductivity and specific heat in inverse propor- — 

tion to one another at the different depths, we may take the mean of the rates 

of variation of logarithmic amplitude and of epoch at each depth, and alter the 

scale of longitudinal reckoning downwards, so as to reduce the numerical 

measures of these rates to equality. This, however, we shall not do in either the 

five years’ or the thirteen years’ term, which we have hitherto considered sepa-— 

rately, but for a harmonic annual variation representing the average of the whole 

eighteen years 1837 to 1854. 

* The “conducting power” of a solid plate is an expression of great convenience, which I define as 
the quantity of heat which it conducts per unit of time, when its two surfaces are permanently main- — 
tained at temperatures differing by unity. In terms of this definition, the specific conductivity of a — 
substance may be defined as the conducting power per unit area of a plate of unit thickness, The 
conducting power of a plate is calculated by multiplying the number which measures the specific 
conductivity of its substance by its area, and dividing by its thickness. 

The thermal capacity of a body may be defined as the quantity of heat required to raise its mass 
by a unit (or one degree) of temperature. The specific heat of a substance is the thermal capac of 
a unit quantity of it, which may be either a unit of weight or a unit of bulk. - ‘ 
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26. By taking, for each depth, the coefficients A,, B, (not explicitly shown 

above), derived from the first five years’ average, and multiplying by 5; taking 

similarly the coefficients A,, B,, for the succeeding thirteen years’ average, and 

multiplying by 13; adding each of the former products to the corresponding one 

of the latter, and dividing by 18; we obtain, as the proper average for the whole 

eighteen years, the values shown in the following table, in the columns headed 

A,, B,. The amplitudes and epochs shown in the next columns are deduced 

from these by the formulz Ni (A,? + B,?) and tan > respectively,— 
1 

TABLE VII.—ANNUAL HARMONIC VARIATION OF TEMPERATURE IN CALTON HILL, 

FROM 1837 To 1844 INCLUSIVE. 

A Amplitudes in .Epochs in degr 
els Ta degrees Fahr. In degrees Fahr. degrees Fahr. Fad Pinte, = 

3 feet —5'184 — 4-989 71949 
6 feet — 2-080 —4:416 4'8812 

12 feet + ‘5961 — 2°3345 2°4094 

24 feet + °6311 + 0306 |, ‘6319 

From these, as before, for ten terms of five years and of thirteen years sepa- 

rately, we deduce the following :— 

TABLE VIIIL—AVERAGE OF EIGHTEEN YHARS, 1837 To 1844; Trap Rock or 

CALTON HILL. 

Retardation of Epoch 
in Circular Measure, 
per French foot of 

Descent. 

Diminution of Loga- 
rithmic Amplitude 
per French foot of 

Descent. 

Depths below surface, 
in French feet. 

3 to 6 feet. -1286 on DAIL 5) 

Gols, 1177 ‘1150 

12 to 24 ,, ‘1115 1141 

3 to24 feet. °1157 +1154 

27. Hence, we have as final means, of effects on logarithmic amplitudes and 

on epochs, for the average annual variation on the whole period of eighteen 

Zs, — 
1. From depth 3 feet to 6 feet, : : 5 1250 
2. + nee 6 ee , 2 1163 
SO BG Ona eas pe eee cori og 

If now, in accordance with the proposed plan, we measure depths, not in constant 
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units of length, but in terms of thicknesses corresponding to equal conducting — 

" powers and thermal capacities, and if we continue to designate the thickness of 

the first stratum by its number 3 of French feet, our reckoning for the positions 
of the different thermometers will stand as follows :— 

TABLE IX. 

Thermometers Depths in true De : 
pths in Terms of 

Hacc ae fe Conductive Equivalents. 

17 0 0 

II. 3 3 

ELT, 9 34+ togn x 6= 8:58 

"1128 

According to this way of reckoning depths, we have the following rates of varia-— 

tion of the logarithmic amplitudes, and of the epochs separately, reduced from — 

the previously stated means for the whole period of eighteen years :— f 

TABLE X. 

Rates of Diminution 
‘ of Logarithmic Am- 

Portions of Rock, plitude per French ° 
foot, and Conductive 

Equivalents, 

Rate of Retardation 
of Epoch per French 
foot, and Conductive 

Equivalents. 

Between Thermometers Nos. I. and II. 1286 

Pry or II. and IIT. "1265 

III. and LY. +1286 

Between Thermometers Nos. I. and IV. +1252 

28. Comparing this Table with the preceding Table VIII., we see that the dis- 

crepancies are very much diminished; and we cannot doubt but that the con-— 

ductive power of the rock is less in the lower parts of the rock, and that the 

amount of the variation is approximately represented by Table IX. We have, © 

however, in Table X. still too great discrepancies to allow us to consider variation 

in the value of ke, as the only appreciable deviation from Fourier’s conditions of” 

uniformity. 

29. In endeavouring to find whether these residual discrepancies are owing to 
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variations of # and ¢ not in inverse proportion one to the other, I have taken 

FouriEr’s equation 

du pe i dk du 

dt da” dx dx’ 

where v denotes the temperature at time ¢, and at a distance x from an isothermal 

plane of reference (a horizontal plane through thermometer No. I., for instance) ; 

& the conductivity, varying with 2; and ¢ the capacity for heat of a unit of 

volume, which may also vary with x. In this equation I have taken 

v=ae” cos (ir -@) 5 

where P and Q are functions of w, assumed so as to express as nearly as may be 

the logarithmic amplitudes, and the epochs, deduced from observation. I have 

thus obtained two equations of condition, from which I have determined / and «¢, 

as functions of z. The problem of finding what must be the conductivity and 

the specific heat at different depths below the surface, in order that, with all the 

other conditions of uniformity perfectly fulfilled, the annual harmonic variation 

may be exactly that which we have found on the average of the eighteen years’ 

term at Calton Hill, is thus solved. -The result is, however, far from satisfactory. 

The small variations in the values of P and Q which we have found in the repre- 

sentation of the observed temperatures, require very large and seemingly un- 

natural variations in the values of & and c. . 

30. I can only infer that the residual discrepancies from FourtEer’s formula 

shown in Table X. are not with any probability attributable to variations of con- 

ductivity and specific heat in the rock, and conclude that they are to be explained 
by irregularities, physical and formal, in the surface. It is possible, indeed, that 

thermometric errors may have considerable influence, since there is necessarily 

some uncertainty in the corrections estimated for the temperatures of the different 

portions of the columns of liquid above the bulbs; and before putting much con- 

fidence in the discrepancies we have found, as true expressions of the deviations 

in the natural circumstances from Fourt£r’s conditions, a careful estimate of the 

probable or possible amount of error in the observed temperatures should be 

made. That even with perfect data of observation, as great discrepancies should 

still be found in final reductions such as we have made, need not be unexpected 

when we consider the nature of the locality, which is described by Professor 

Forzes in the following terms :— 

The position chosen for placing the thermometer was below the surface “ in 

the Observatory enclosure on the Calton Hill, at a height of 350 feet above the 

sea. The rock is a porphyritic trap, with a somewhat earthy basis, dull and 

tough fracture. The exact position is a few yards east of the little transit house. 

There are also other buildings in the neighbourhood. The ground rises slightly to 
~ 
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the east, and falls abruptly to the west at a distance of fifteen yards. The imme- 
diate surface is flat, partly covered mith grass, partly with gravel.”* 

I have marked by italics those passages which describe circumstances such 

as it appears to me might account for the discrepancies in question. 

31. Application to Semi-annual Harmonic Terms.—The harmonic expressions 

given above (§ 15) for the average periodic variations for the three stations of Pro- 

fessor ForBEs’ original series of five years’ observations, contain semi-annual 

terms, which are obviously not in accordance with theory. The retardations of 

epochs and the diminutions of amplitudes are, on the whole, too irregular to be 

reconcileable by any supposition as to the conductivities and specific heat of the 

soils and rocks involved, or as to the possible effects of irregularity of surface ; 

and in two of the three stations, the amplitude of the semi-annual term is actually 

greater as found for the six feet deep than for the three feet deep thermometer, 

which is clearly an impossible result. The careful manner in which the observa- 

tions have been made and corrected, seems to preclude the supposition that these 

discrepancies, especially for the three feet and six feet thermometers, for which the 

amplitudes of the semi-annual terms are from ‘28° to ‘74° (corresponding to varia- 

tions of double those amounts, or from ‘56° to 1°48), can be attributed to errors in 

the data. It must be concluded, therefore,.that the semi-annual terms of those 

expressions do not represent any truly periodic elements of variation, and that they 

rather depend on irregularities of temperature in the individual years, of the term 

of observation. Hence, until methods for investigating the conduction inwards 

of non-periodic variations of temperature are applied, we cannot consider that 

the special features of the progress of temperature during the five years’ period — 

at the three stations, from which our apparent semi-annual terms have been 

derived, have been theoretically analysed. But, as we have seen, every irregu- 

larity depending on individual years is perfectly eliminated when the average 

annual variation over a sufficiently great number of years is taken. Hence 

it becomes interesting to examine particularly the semi-annual terms for the 

eighteen years’ average of the Calton Hill thermometers, which we now proceed 

to do. 

32. Calculating as above (§ 26), for the coefficients A,, B,, the average values — 

of A, and B,, from Professor ForBes’ results for his first five years’ term, and 

from the averages for the next thirteen years shown in Table V. above, we 

find the values of A, and B, shown in the following table. The amplitudes — 

and epochs are deduced as usual by the formule aif (4? ag B,’) and tan ®:. 
2 

These reductions I only make for the three feet deep and the six feet deep ther- 
mometers, since, for the two others, as may be judged by looking at the thirteen 

years’ average, shown in the former table, the amounts of the semi-annual varia- 

* Professor Forsxs on the Temperature of the Earth, Trans. R.S.E., 1846, p. 194. 
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tion do not exceed the probable errors in the data of observation sufficiently to 

allow us to draw any reliable conclusions from their apparent values. 

TABLE XI.—AVERAGE SEMI-ANNUAL HARMONIC TERM, FROM EIGHTEEN YEARS’ 

OBSERVATIONS AT CALTON HILL. 

Depths below sur- A, B, Amplitudes Kpochs in degrees 
face, in French feet.| In degrees Fahr. In degrees Fahr. In degrees Fahr. and minutes. 

3 feet. °1518 °-5842 °-604 roa 

6 feet. 0461 *3911 394 96 43, 

The ratio of diminution of the amplitude here is ae or 1°53, of which the 

Napierian logarithm is -426. Dividing this by 3, we find 

142 

as the rate of diminution of the logarithmic amplitude per French foot of descent. 

The retardation of epoch shown is 21° 17’; and therefore the So un per 

French foot of descent is 7° 6’, or, in circular measure, 

1239. 

If the data were perfect for a periodical variation, and the conditions of uniformity 

Supposed in Fourier’s solution were fulfilled, these two numbers would agree: 

and each would be equal to fe ih, Hence, dividing them each by 1/2, we find 

Apparent values of sie 

100 (by amplitudes) 
877 (by epochs). 

The true value of dh - must, as we have seen, be *116, to a very close degree of 

approximation. 

30- When we consider the character of the reduction we have made, and 

remember that the data were such as to give no semblance of a theoretical agree- 

ment when the first five years’ term of observations was taken separately, we 

may be well satisfied with the approach to agreement presented by these results, 

depending as they do on only eighteen years in all, and we may expect that, when 

the average is of a still larger term of observation, the discrepancies will be much 

diminished. In the mean time, we may regard the semi-annual term we have 

found for the three feet deep thermometer as representing a true feature of the 

_ yearly vicissitude; and it will be surely interesting to find whether it is a con- 

stant feature for the locality of Edinburgh, to be reproduced on averages of sub- 

sequent terms of observation. 

34. It may be remarked, that the nearer to the equator is the locality, the 
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greater relatively will be the semi-annual term ; that within the tropics the semi- 

annual term may predominate, except at the great depths; and that at the 

equator the tendency is for the annual term to disappear altogether, and to leave 

a semi-annual term as the first in a harmonic expression of the yearly vicissitude 

of temperature. The facilities which underground observation affords for the 

analysis of periodic variations of temperature, when the method of reduction 

which I have adopted is followed, will, it is to be hoped, induce those who have 

made similar observations in other localities to apply the same kind of analysis 

to their results ; and it is much to be desired, that the system of observing tem- 

peratures at two if not more depths below the surface may be generally adopted 

at all meteorological stations, as it will be a most valuable means for investigating 

the harmonic composition of the annual vicissitudes. 

III.—Deduction of Conductivities. 

35. Notwithstanding the difficulty we have seen must attend any attempt to 

investigate all the circumstances which must be understood in order to reconcile 

perfectly the observed results with theory, the general agreement which we have 

found is quite sufficient to allow us to form a very close estimate of the ratio of 

the conductivity of the rock to its specific heat per unit of bulk. Thus, according — 

to the means deduced from the whole period of eighteen years’ observation, the 

average rate of variation of the logarithmic amplitude of the annual term through 

the whole space of twenty-one feet is ‘1157, and of the epoch of the same term, 

"1154. The mean of these, or 1156, can differ but very little from the true 

average value of <i = for the portion of rock between the extreme thermometers. 

36. Dividing = by the square of the reciprocal of this number, we find 235-1 

as the value of 2 or, as we may Call it, the conductivity of the rock in terms of the 

thermal capacity of a cubic foot of its own substance. In other words, we infer 

that all the heat conducted in a year (the unit of time) across each square foot of 

a plate one French foot thick, with its two sides maintained constantly at tem- 

peratures differing by 1°, would, if applied to raise the temperature of portions of 

the rock itself, produce a rise of 1° in 285 cubic feet. As it is difficult (although 
by no means impossible) to imagine circumstances in which the heat, regularly 

conducted through a stratum maintained, with its two sides, at perfectly constant 

temperatures, could be applied to raise the temperatures of other portions of the 

same substance, we may vary the statement of the preceding result, and obtain 

the following completely realisable illustration. 

37. Let a large plate of the rock, everywhere one French foot thick, have 

every part of one of its sides (which, to avoid circumlocution, we shall call its 

lower side) maintained at one constant temperature, and let portions of homo- 
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geneous substance, at a temperature 1° lower, be continually placed in contact with 

the upper surface, and removed to be replaced by other homogeneous portions at 

the same lower temperature, as soon as the temperature of the matter actually 

thus applied rises in temperature by ;, of a degree. If this process is con- 

tinued for a year, the whole quantity of the refrigerating matter thus used to 

carry away the heat conducted through the stratum must amount to 235,000 

cubic feet for each square foot of area, which will be at the rate of -00745 of a 

cubic foot per’ second. We may therefore imagine the process as effected by 

applying an extra stratum ‘00745 of a foot thick every second of time. This 

extra stratum, after lying in contact for one second, will have risen in tempera- 

ture by ;., of a degree. By means of the information contained in this apparently 

unpractical statement, many interesting problems may be practically solved, as 

I hope to show in a subsequent communication. 

38. The value of < derived from the whole eighteen-years period of obser- 

vation (-1156), differs so little from that (-1154) found previously (§ 16) from 

Professor Forses’s observations and reductions of the first five of the years, that 

we may feel much confidence in the accuracy of the values 1098 and -06744, 

which, from his five years’ data alone, we found (§ 16) for the corresponding 

constant with reference to,the sand at the Experimental Garden and the sand- 

stone of Craigleith Quarry. From them, calculating as above (§ 36), we find 

260°5 and 690°7 as the values of £ for the terrestrial substances of these localities 

respectively; results of which the meaning is illustrated by the statements of 

§§ 36 and 37. 
39. To deduce the conductivities of the strata, in terms of uniform thermal units, 

Professor Forses had the “ specific heats” of the substances determined experi- 

mentally by M. Reanautt. The results, multiplied by the specific gravities, gave 

for the thermal capacities of portions of the three substances, in terms of that of an 

equal bulk of water, the values ‘5283, -3006, and ‘4623 respectively. Now, these 

must be the values of ¢, if the thermal unit in which é is measured is the thermal 

capacity of a French cubic foot of water. Multiplying the values of - found 

above by these values of c, we find for & the following values :— 

Trap-rock of Calton Hill. Sand of Experimental Gardens. Sandstone of Craigleith. 

124-2 78'31 319°3 

The values found by Professor ForBEs were— 

111-2 82:6 298°3 

Although many comparisons have been made between the conducting powers 

of different substances, scarcely any data as to thermal conductivity in absolute 

measure have been hitherto published, except these of Professor Forbes, and pro- 
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bably none approaching to their accuracy. The slightly different numbers to which 

we have been led by the preceding investigation are no doubt still more accurate. 

40. To reduce these results to any other scale of linear measurement, we must 

clearly alter them in the inverse ratio of the square of the absolute lengths chosen 

for the units.* The length of a French foot being 1:06575 of the British standard 

foot, we must therefore multiply the preceding numbers by 1:13581, to reduce 

them to convenient terms. 

41. We may, lastly, express them in terms of the most common unit, which 

is the quantity of heat required to raise the temperature of a grain of water by 1°; 

and to do this we have only to multiply each of them by 7000 x 62°447, being the 

weight of a cubic foot in grains. 

42. The following table contains a summary of our results as to conductivity 

expressed in several different ways, one or other of which will generally be found 

convenient :— 

TABLE XIT.—THERMAL CoNDUCTIVITIES OF EDINBURGH STRATA, IN BRITISH ABSOLUTE UNITS 

[Unit oF LENGTH, THE ENGLIsH Foor]. 

Conductivities in Terms of be. see batt Conductivities in 
Description Thermal Capacity of Unit Bulk oe Sie: nS as Terms of Ther- 

of Terrestrial of Substance oP Wee Pe mal Capacity of 
Substance. ( k (k) One Grain of 

=) ; Water. 

Per Ann. | Per 24+. Per Second. | Per Ann.} Per 24,. | Per Second. Per Second. 
Trap-rock of f : . Galion (Eni } 267°0 | -7310 | -000008461 | 141:1 | -3863 | -000004471 1:9544 

Sand of Ex- 
perimental 295:9 | -8100 | -000009875 88-9 | :2435 | -000002818 1-2319 
Garden, 

Sandstone of 

Craigleith 7845 |2-1478 | -00002486 362°7 | :9929 | -00001149 5:0225 
Quarry, 

43. The statements (§§ 36 and 37) by which the signification of ~ has been 

defined and illustrated, require only to have cubic feet of water substituted for 

* Because the absolute amount of heat flowing through the plate across equal areas will be 
inversely as the thickness of the plate ; and the effect of equal quantities of heat in raising the tem- 
perature of equal areas of the water will be inversely as the depth of the water. The same thing may 
be perhaps more easily seen by referring to the elementary definition of thermal conductivity (foot- 
note to § 11, above). The absolute quantity of heat conducted across unit area of a plate of unit 
thickness, with its two sides maintained at temperatures differing by always the same amount, will be 
directly as the areas, and inversely as the thickness, and therefore simply as the absolute length 
chosen for unity, But the thermal unit in which these quantities are measured, being the capacity of 
a unit bulk of water, is directly as the cube of the unit length, and therefore the numbers expressing 
the quantities of heat compared will be inversely as the cubes of the lengths chosen for unity, and 
eee as these simple lengths: that is to say, finally, they will be inversely as the squares of these 
engths. 
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cubic feet of rock, in their calorimetric specifications, to be applicable similarly to 

define and illustrate the meaning of the conductivity denoted by &. The fluidity 

of the water allows a modified and somewhat simpler explanation, equivalent to 

that of § 36, to be now given, as follows :— 

44. If a long rectangular plate of rock, one foot thick, in a position slightly 

inclined to the horizontal, have water one foot deep flowing over it in a direction 

_ parallel to its length, and if the lower surface of the plate be everywhere kept 1° 

higher in temperature than the upper, the water must flow at the rate of & times 

the length of the plate per unit of time, in order that the heat conducted through 

the plate may raise it just 1° in temperature in its flow over the whole length. 

_ [it must be understood here, that the plate becomes warmer, on the whole, under 

the lower parts of the stream of water, its upper surface being everywhere at the 

same temperature as the water in contact with it, while its lower surface is, by 

hypothesis, at a temperature 1° higher.| If, for instance, the plate be of Calton 
Hill trap-rock, the water must, according to the result we have found, flow at the 

rate of 141-1 times its length in a year, or of -3863 of its length in twenty-four 

hours, to be raised just 1° in temperature in flowing over it. Thus water, one 

French foot deep, flowing over a plane bed of such rock at the rate of -3863 of a 

mile in twenty-four hours, will, in flowing one mile, have its temperature raised 1° 

by heat conducted through the plate. The rates required to fulfil similar condi- 

tions for the sand of the Experimental Gardens and the sandstone of Craigleith 
Quarry are similarly found to be ‘2435 of the length and -9929 of the length, in 

twenty-four hours. 
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XVIII.—On a Method of Reducing Observations of Underground Temperature, 

mith its Application to the Monthly Mean Temperatures of Underground 

Thermometers, at the Royal Edinburgh Observatory. By Joseru D. Evrrert, 

M.A., Professor of Mathematics, &c., in King’s College, Windsor, N.S., and 

late Secretary to the Meteorological Society of Scotland. 

(Read 30th April 1860.) 

A few years since I was engaged in the performance of some calculations under 

the direction of Professor W. Taomson of Glasgow, having reference to the obser- 

vations of underground temperature made at the Royal Edinburgh Observatory. 

In this paper I propose to describe a modification of Professor THomson’s method, 

which, while retaining a sufficient degree of accuracy, will be simple enough for 

general adoption. The objects proposed are— 

1st, To express the variations of temperature at a given depth in terms of the 

time of year. 

2d, To deduce the conducting power of the soil. 

In the calculations performed for Professor THomson, the temperatures at 32 

equal intervals in each year were required as the basis of calculations; and as 

the observations had been made only once a-week, it was requisite to interpolate, 

either by graphical projection (which was the method employed) or in some 

other way. 

A Report of the Royal Edinburgh Observatory having recently passed through 

my hands, containing the mean temperature of each of the underground ther- 

mometers for each month of each year during a period of seventeen years, I have 

adapted Professor THomson’s method to a computation from 12 (instead of 32) 

| points in the year, and have applied the method thus modified to the means on 

| the seventeen years’ observations. The present paper embodies the results, which 

| will be found to agree pretty closely with those obtained by the more elaborate 

method. The monthly mean temperatures printed in the Observatory Report, on 

the averages of which, for the seventeen years, the following results are based, 

are simply the arithmetical means of the weekly readings taken in each calendar 

month. 

For the sake of making the paper intelligible, it will be necessary to premise 

a few principles which are common to both methods. 

The form of expression to which the temperature of each thermometer is to 

be reduced, is 
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v=A,+P, sin (27+E,) +P, sin (4-5,+E:) +&0. 

the general term being P, sin (2nsy, +E,) 

Where v is the temperature at the line ¢ from the epoch of reckoning, T is the 

periodic time (a year), 7 is the ratio of the circumference of a circle to the dia- 

meter, and A», P,, P,, E,, E,; &c. are constants, whose value must be found from 

the temperatures observed. 

It is evident from the form of the expression that A, is the mean temperature 

of the whole year, and that the maximum and minimum values of any subsequent 

: t ‘ 
term P, sin ( 2naq,+E,) are +P, and —P, respectively. As the range of value 

through which any term passes depends only on the coefficient P,, this coefficient 

is styled the amplitude of the term, being in fact equal to half the range. 

The epochs of maxima and minima will be very different for different terms. 

The term involving P, has one maximum and one minimum in the year. The 

term involving P, has two maxima and two minima, and generally the term in 

P, has 2 maxima and ” minima in the year, its values going through their entire 

cycle in the “th part of a year. The term in P, is therefore called the annual 

term, and the term in P, the half-yearly term. 
The maximum and minimum values of a term will occur earlier or later in 

the year, according to the value of the constant E,, any diminution in the value 

of E, being the same thing as a retardation of the maxima and minima. Suc 1 

retardation is called retardation of phase. Tt is the diminution of amplitude and 

retardation of phase between the terms for thermometers at different depths, that 

afford the means of deducing the conducting power of the soil. 

In order to find from the observed temperatures the values of the constants 

in expression (1), we must make use of the equivalent expression— 

v=A,+ (A cos Qan+B, sin 2m.) + (4, cos qn% +B, sin 4, r) +8. 
T yh 

the general term being (4, cos Qn +B, sin ns) . . Ga 

and then by applying the equations of transformation 

2. BR? An J A? +B, =P,,7;7-t0E 9. = 

we shall obtain the values of the constants in expression (1). . 

In the calculations performed for Professor Tuomson, the expressions wer¢ 

carried as far as the terms depending on A, and B,. I have carried them only ai 
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far as A, and B,, the convergence of the terms being so rapid that a good approxi- 

mation to the value of the whole series is thus obtained. For deducing the con- 

ducting power of the soil even this is more than is required, the values of any 

single term (except A,) for the different thermometers being all that theory re- 

quires, and the values of A, and B,, inasmuch as they admit of more accurate 

determination than the coefficients of following terms, can be most advantageously 

used for making this deduction. 

The process for finding the values of A), A,, B,, &c., is different according me ihe 

number of points in the year that are taken. To find analytically the process for 

12 points in the year, let 

v, denote the temperature at the epoch of commencement ; 

1 
vu, 5 P io of the year later; 

2 
Uy ” ” 12 ” ” 

&c &c., 

and let the sines of 0°, 30°, 60°, and 90°, be denoted by S,, S,, 8., S, respectively ; 

we have then the following values of v for the 12 points in the year :— 

if II. 

y=A,+A,8,+A, §8,4+B, §,+B, 8, v, =A,—A, 8,+ A, 8,—B, 8,+B, 8, 
w,—A,+A,8,+A, 8, +8, 8) +B, 8, v, '=A,—A, 8, +A, §,—B, §, +B, 8, 
Pee AS As «Be 4B, 8, || wea, Ay Si A, SBS. 4B. 8, 
v,=A,+A,S8,—A, 8,+B, §8,—B, 8, vy =A,—A, S,—A, 8,—B, 8,4 B, 8, 

u,=A,—A, S,—A, 8, +B, S,—B, 8, %)=A,+A, §,—A, S,—B, §,—B, 8, Pea SA'S FAS 8 SB, S, 4 ot SAcen is, 4 4, 5,828, 8, 

III. IV. 

U—%= 2A, 8,+2B,58, 
v%,—¥,= 2A,8,4+2B,58, v;—%4,=—2 A, S,+2B, 8, 
j,—u,= 2A S42 BS, v,—v,,=—-2A, 8 4+2B 8, 
a), Oa SEO DS 

Subtracting the quantities in column IV. from those opposite to them respec- 

tively in column III. (remembering that S,=0, and S,=1), we obtain the 

remainders— 

ake 4A, 8, 4A, 8, 2B, 

If these be multiplied respectively by the factors, 

1 S, S, 0 

the products are 

2A, 4A, (8,)° 4A, (S,)? 0 



432 PROFESSOR EVERETT ON A METHOD OF REDUCING 

and the sum of these four products (since (S,)’ + (8,)?=1) is 6 A,. Hence the value 

of A, can be found. 

Again, adding the quantities which stand opposite to each other in columns 

III. and IV. we have the sums 

oune 4B, §, 4B, S, 2B; 

and if we multiply these respectively by the factors, 

| 0 Se ce 1 

we obtain the products, 

0 4B, (S,)? 4 B, (S,)* 2B, 

The sum of these products is 6 B,; hence B, can be found. 

Adding the terms opposite each other in columns I. and II. we find 

Vv VI. 

v,+%,=2 A, +2 A, Sy+2B,8, | v,+%, =2A,—2 A, 8,—2 B, 8, 
v,+0,=2 A,+2A,8,4+2B,8, | v,+%,=2A,—2 A, 8,—2 B, 8, 
Up +%,=2 A,-2A,S,4+2B,8, | v,+v,,=2 A,+2 A, 8,—2B, S, 

The sum of all the terms in V. and VI. is 12 A,, which is in fact the sum of the 

12 values of v. 

Subtracting the quantities in VI. from those opposite to them in V., we have 

the remainders,— 

4A, Adh US. ASR Soe —4A,8,+4B, S,; 

Multiply these remainders respectively by 

1 S, =8, 

and omitting the two terms 4 B,S,S8, and —4 B, 8, S,, which destroy one 

another, we have the products— 

4 A, 4 A, (8,)? 4 A, (S,)? 

in! 
whose sum (since Si=5) is 6 A,. Hence A, can be found. 

Again, if the above remainders be multiplied respectively by 

0 Ss S, 

the products (omitting terms which destroy each other) are 

0 4 B, (S8,) 4 B, (S8,)? 

and since ee) the sum of these products is 6 B,. Hence B, can be found. 
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The application of the process above indicated to the determination of A, B, 

A, B, for the 3 feet thermometer is subjoined. 

Il. . IV. 

Products. | III.+I1V. Products. Temperatures | Temperatures Last two 
of first 6 of last 6 Nos. in III. 
months. months. reversed. 

40°57 52:70 

39°64 53°82 +7:24 

40°31 52°75 + 0°35 

42°45 49-15 

45:87 45°62 

49°86 42-62 

| re Dn oO | Multipliers. 

= | So DN | Multipliers. 

——- Vee ve "a Products. again. 'e Products. 
First Half of | Last Half of FI a a 

(I. +11.) (1. +11.) S| S 

93°27 91:60 +1:67 i + 1:67 1-67 0 00 

93°46 91-39 + 2:07 S, | +#1:035 + 2:07 S, 

93-06 92-48 20507, | —S,,-)— 0-290 + 0-58 7 "Ae ie 

6) | +2:415 6) | +2:295 

A,=| + °4025 B,=| + +3826 = 

A,=mean of all the numbers in I. and II]. = 46:27. 

There are in all four thermometers, their bulbs being sunk to depths of 3, 6, 

12, and 24 French feet respectively below the surface of the ground. The means 

of their readings, in degrees Fahrenheit, for each calendar month, on the average 

of the seventeen years 1838-1854, are as under :— 

Depth of - 
Ther- Jan. Feb. Mar. | April. | May. | June. | July. | Aug. | Sept. Oct. Nov. | Dec. 

mometer. 

3 feet | 40-57 | 89-64 | 40-31 | 42-45 | 45-87 | 49-86 | 52-70 | 53-82 | 52-75 | 49-15 | 45-52 | 42-62 

6 feet | 43-59 | 42-35 | 42-00 | 42-79 | 44-65 | 47:23 | 49-71 | 51-31 | 51-54 | 50-11 | 47-81 | 45-48 

12 feet 45-06 | 44:68 | 44-88 | 45-63 | 46-84 | 48-07 | 48-96 | 49-27 | 49-02 | 47-94 

24 feet 47-63 | 47:39 46-79 | 46-59 | 46-55 | 46-69 | 46-97 | 47-31 | 47-61 | 47-79 

VOL. XXII. PART II. Der 
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The values of A,, A;, B, A,, B,, obtained in the manner above indicated, 

are— 
; 

For the 8 feet thermometer, | 46°27 |—618 |—3-44 | +-°4025 

6 feet ane 46°55 |—3-:10 |—365 | +-120 

12 feet ae 46:92 | +003 |—2:31 | —-0833 

. 24 feet a 47-18 | +0615 | —0-118 | —-0167 

And the values of P,, P,, E,, E,, obtained from these by the formulze of transfor- — 

mation (3), are— 

240° 54’ 

220° 20’ 

179° Ua’ 

100° 52’ 

For the 3 feet thermometer, 7:07 

6 feet srt 4:79 

12 feet aes 2°31 

. 24 feet 

46° 271 

22°.-16/ 

— 52° 41’ 

—130° 46’ 

With the view of testing how nearly the formule give the true temperature 

of each month, I have calculated the temperature of each thermometer for each 

month both by formula (1) and formula (2), the results in the two cases being 

identical ; and the following table exhibits their differences from the actual tem- 

peratures. The numbers in the first line are the actual temperatures; those in 
the second line are obtained by putting ¢ successively equal to 0, 2: T, x T, &e. 

in expressions (1) and (2); and those in the third line are the corrections neces- 

sary for reducing the calculated to the actual temperatures. For the sake of 

exhibiting the variations of temperature more clearly, the temperatures have in 

each case been diminished by the mean of the year, so that temperatures below 

the mean bear the negative sign. 



8 feet Ther. 

Actual, 

By formula, 

Difference, 

6 feet Ther. 

Actual, 

By formula, 

| Difference, 

} 12 feet Ther. 

Actual, 

| By formula, 

| Difference, 

24 feet Ther. 

| Actual, 

| By formula, 

| Difference, 
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Jan. 

—5-70|— 6-63 |— 5-96 

— 5:78 |— 6-54 |— 5-94 

+ -08 

— 2:98 

+ -02 

— 0-08 

—0-05 

08 

Feb. 

— -09 

— 2:96 |— 4:20 

— 4:20 

00 

—1:10 

—1:12 

+ -02 

+ 59/4 -45/4+ -21\/— -10/— -389/— - 

Mar. | April. 

— 3°82 

— 3°84 

+ -02 

—3-76 

—3-77 

°03/+ -0l 

— 2°24 

— 2:23 

— 1-86 

—1-89 

+ 03 ‘01 

May. June. 

— 0-40 

— 0°42 

+3°59 

+ 3:50 

+ -02 

—1-90 

—1:93 

+ -03 

— 2-04 

— 2-03 

— -:01 

| | | ee f | 

July. 

+ 6°43 

+ 6:58 

15 

+ 3°16 

+3°22 

06 

— 0:08 

—0O11 

au (03) 

— 63 

— 63 

Aug. Sept. Dec 

+7:55|+ 6-48 — 3°65 

+ 7-60 |+6:20/+ 3-04 |—0-64 |— 3-76 

— -05/+ -28)— -16|— -11/+4 °:11 

+4-76|+4-99 | + 3-56 |4+ 1:26 |—1:07 

+ 4-82 |+4-91)+4 3-53 |+ 1-30 }—1:05 

— 06/+ -08/+ -03|— -04/— -02 

+1:15)+ 2-04} + 2°35 |4+ 2°10/4 1:02 

+1:14/+ 2:08 }+2°39 |}+4+ 2:00 /}+ 1:08 

+ -O1)— -04/— :04/4 :10/— -06 

— 49|— -21/+ °13)+ °43 

— 49)— -21/4+ +13)+ °43 

+ ‘61 

+ °60 

If we had neglected the term involving P, (the half-yearly term), and taken 

only the term involving P, (the annual term), we should have obtained the 

results entered in the first line of the following table. The numbers in the 

_ second line are the corrections necessary for reducing these results to the actual 

temperatures. 

Jan. Feb. 

Results, — 6:18 

Corrections, |+ ‘48 

Results, —3:10|—4°51 

Corrections, |+ :14/+ °31 

Results, +0:03|—1:13 

Corrections, |— -11/+ -03 

Results, + *62 

Corrections, |— -03|/— -02 

— 7:07 |—6:07 |— 3:44 

+ 44/4 -1l1)/— °38 

Je 

+ ‘01 

May. | June. 

+0°11)+ 3°63 

“b1/— -04 

—4-71|}— 3°65 |— 1-61 | + 0°86 

+ ‘16)— -11l}— :29|— ‘18 

—1-:98 |—2°31 |—2°02|—1-18 

+ 12/+ -07|— :02/— :11 

July. eel Sept. Oct. 

+7:07|+ 6:07 |+3:44)—0:11 

+ -48/+ -41/— -56/— -64 

+ 4°71/4+3°65)41-61 

+ ‘28/— -09|— -35 

+ 4:51 

+ -25 

+1:13 

+ 02 

+1:99 

+ 05 

42-31 | +4 2-02 

+ 04/4 -08 

‘47/— 21 

02 00 + -01}+ -02 

— 0°86 

21 

+1:18 

— ‘16 

+ 02 
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The processes hitherto described are applicable not only to underground tem- 

peratures, but also to open-air temperatures, and, in fact, to any element that 

varies in a regular manner. 

It remains to show how the results which we have obtained can be applied 
for determining the conductivity of the soil. The mode of procedure will be 

exactly the same as that adopted in the calculations for Professor THomson. 

The conducting power of the soil may be inferred either from the diminution 

in the values of P, and P, as we descend in the soil, or from the diminution of 

E, and E,. In other words, it may be inferred either from diminution of ampli- 

tude, or from retardation of phase. 

Let x denote the difference in depth of any two of the thermometers; let 

a. E, denote the retardation of phase, or the excess of the value of E,, for the 

upper of the two thermometers above its value for the lower, E, being expressed 

not in degrees and minutes, but in circular measure; and let a . log, P,, denote the 

diminution of the Napierian logarithm of the amplitude, or the excess of log, P, 

for the upper thermometer above log, P, for the lower; the ratio of %, the 

conductivity of the soil, to ¢, the capacity of the soil, for heat, may then be deter- 

mined by either of the equations 

A.E, [nee A.loge P,_ [nae 
“@ NTE a Nak 

The manner in which these equations are deduced from the differential equa- 

tion for the flow of heat through the soil, 

dv_k dv 
dic. da” 

will be stated in a note at the end of this paper. At present we proceed to apply 
the equations to the numerical results above obtained. 

The values of E, and E, in circular measure, and of log, P, and log, P;, are as 

under :— 

Teta | eee By | 
3 feet thermometer 1:95 — ‘69 4:20 + ‘81 

6 feet % 1:56 a 1:15 3°85 + 39 

12 feet “ “84 — 2°25 3:15 — ‘92 

24 feet Ln — 47 =3'8l 1:76 — 2°98 

By comparing the thermometers two and two in every possible combination, 

the following results are oviained :— 
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For THE ANNUAL TERM. 

Thermometers Ps 

compared. Tk Tk 

3 feet and 6 feet. 35 3 ‘117 .o9 3 ‘130 

8 feet and 12 feet. 1:05 9 117 Pl 123 

3 feet and 24 feet. 2°44 21 ‘116 2°42 21 ‘115 

6 feet and 12 feet. ‘70 6 117 72 6 120 

6 feet and 24 feet. 2:09 18 "116 2°03 18 113 

12 feet and 24 feet. 1:39 12 116 1:31 12 "109 

Means, 

Thermometers 
compared. 

3 feet and 6 feet. 

3 feet and 12 feet. 

3 feet and 24 feet. 

6 feet and 12 feet. 

6 feet and 24 feet. 

12 feet and 24 feet. 

Means, 

Quotients by 4/2, 

The results deduced from the annual term agree the best among themselves, 

and are the most reliable; the coefficients P, of the half-yearly term being very 
small, and varying considerably from year to year. Notwithstanding, the mean 

values -113, :116 of ae deduced from the half-yearly term, agree very well with 

the values °1165, ‘1183 from the annual term. Professor THomson’s results from 

the temperatures of the thirteen years 1842-1854 were :— 

By Phase. By Amplitude. 

For the annual term, . 3 : -1156 "1160 
For the half-yearly term, . : 08861 11133 

we 
—these numbers being the values of the function obtained from the coeffi- 

N Tk 
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cients in the same manner as above. The agreement as regards the annual term 

is very remarkable, extending, as it does, both in the determination from phase 

and in that from amplitude to the fourth decimal place. 

Note on the Equations 

At. HOOT hme omen 

@ The x 

The differential equation for the conduction of heat through the soil, the 

surface being supposed horizontal and the soil uniform, is 

duv_k d?u 

ditt e da 

This equation is satisfied if we assume 

vsPenea/ Be sin (ne +E, — an/ 270) 
Tk 

—e being the base of Napierian logarithms, and P any constant. 

To show that this integral satisfies the differential equation, put 

The equation then becomes 

u=Pe— sin (B—aa). 

Whence 
1 
z= = . Pe—2* cos (8— ax) = ee . Pe—2t cos (B— aa) 

a = — Pae—2r" { sin (8— ax) +cos (B—aax) } 
Ax i q 

d?u . Viet : d= Pave—= sin (8—aa) + cos (B— ax) +cos (8 —aax)—sin (B—axr) \ 

= 2 Pa’e—« cos (B— az). 

Hence 

du_ne 1 dv, but 1_Tk 
di Ta" dat? "8 nee 

Whence ) 
dv valent od? 
z= ar a or the differential equation is satisfied. 

it will be equally satisfied if, instead of a single term, we have a series of a 
terms of the same form as that above assigned to 2, and if we likewise pret a 
constant Ay. Hence we have the general equation 
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ph a ee 

es v=A,+ Pye ot Te gin (297 +E,—2@ y=) +P,e” WE (408 —@ [2a + &e. 

a 

oe [nxe 
Plots sin (ne +E,—2 a) F 

% In this equation x denotes the distance below any assumed horizontal plane. 

Let the plane pass through the bulb of one of the thermometers ; then the general 

Qn + Ep -2£ TE 

Jz 
Pa, Tk in ( ae 

Rife 

er 

; T* to 1, while the quantity E, is diminished by the amount 

| am Whence the equations 

eonloge Bir 2 APk al fieee 

in the ratio of ¢~ 

Lv ve 
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XIX.—On a Mode of Taking the Density of Vapour of Volatile Liquids, at Tem- 

peratures below the Boiling Point. By Dr Lyon Puayratr, C.B., F.R.S., and 

J. A. WANKLYN, F.R.S.E. 

(Read 7th January 1861.) 

The interest awakened by Gay-Lussac’s great discovery of the simplicity in 

the relation of the volumes of gases has greatly increased in recent times, when 

chemists have discovered that, in a large number of instances at least, the formula 

of a body, as deduced physically from its vapour density, exactly coincides with 

that deducible from chemical considerations of its reactions, and from the nature 

of the products arising in consequence of them. 

The processes at present used for determining the vapour densities of bodies, 

are those of Gay-Lussac and Dumas. 

Although the operations by which both these processes are carried out are 

well known to chemists, it will save considerable repetition in description if 

we give a short account of them at the outset, and will enable the modifications 

in practice which we make of both processes to be more readily appreciated. 

Gay-Lussac’s process consists in measuring the volume of vapour produced 

by a known weight of liquid under circumstances which enable us to compare 

the former with an equal volume of air at normal temperatures and pressure. 

A graduated tube is filled with mercury, and inverted in a mercurial trough. A 

known weight of the volatile body is introduced into the tube, and the whole 

apparatus is transferred to a bath, which is heated 20° to 40° C. above the boiling 

point of the enclosed volatile liquid. By this arrangement, readings of the 

volume occupied by the vapour can conveniently be made, at different temper- 

atures. The pressure to which the vapour is subject is obtained by adding the 

barometric pressure to that of the column of water or oil contained in the bath, 

and deducting from the sum of these pressures the pressure of the column of 

mercury contained in the graduated tube. Some minute but necessary correc- 

tions require to be applied; the barometric column, and that in the graduated 

tube, must be reduced to 0° C., and an allowance be made for the expansion of 

the graduated tube. 

Dumas’ method for taking vapour densities is the converse of Guy-Lussac’s, and 

consists in determining the weight of a given volume of vapour at a known 

temperature and pressure. 

It is practised as follows:—A flask with the neck contracted and drawn to a 

point is weighed in dry air, charged with a portion of volatile liquid, heated to a 

suitable temperature, so as to convert the liquid wholly into vapour; and then, 
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after noting the barometer, is sealed with the blowpipe flame. On cooling, it is 

weighed, the temperature of the balance case and the barometric pressure being 

noted. The difference between the two weighings, added to the weight of the air 

displaced by the sealed flask, gives the weight of the vapour in the flask when it 

was sealed. The volume of the vapour at the time of sealing was equal to the 

capacity of the flask, its temperature was that of the bath, and the pressure to 

which it was subject was that indicated by the barometer. It only remains to 

ascertain the capacity of the flask, in order to compare equal volumes of air and of 

the vapour. For this purpose the flask is filled with water or mercury, and the 

capacity determined by weight or measurement of these liquids. ‘The weight of 

the volume of air can now easily be determined by reference to tables constructed 

for this purpose. After applying the corrections previously described under Gay- 

Lussac’s process, we can readily fix the vapour density of the liquid, as we have 

all the elements for the ratio of the weights of equal volumes of the air and 

vapour at the same temperature and pressure. Both the processes of Gay- 

Lussac and Dumas require for their successful execution, that the vapour 

densities should be taken at 30° to 40° C. above the boiling point of the body 

operated upon. This restriction of their application at once excludes the numer- 

ous class of substances which will not bear this elevation of temperature without 

decomposition. Before we describe the methods which we employ to determine 

the vapour densities of liquids at temperatures below their boiling points, it is 

necessary to discuss the difficulties inherent in the processes already described, 

and which compel the operation to be performed at the highest practicable tem- 

peratures. 

Vapours do not expand equally, for equal increments of heat at temperatures 

close to their point of condensation, and even at temperatures considerably 

elevated above this. A vapour only a few degrees above its temperature of con- 

densation, has a tendency to condense on the surface of solids plunged into it, 

and on the sides of the vessel containing it. Even among the permanent gases, 

such as carbonic acid, protoxide of nitrogen, and sulphurous acid, there is a higher 

coefficient of expansion between 0° and 100° C. than there is for air, although at 

these temperatures, and at ordinary pressures, they are still several atmospheres 

removed from condensation (REGNAULT).* At the same time, be it observed, 

that these gases are among those of the permanent gases, which are most easily 

liquefied; and this fact has led to the belief, that vapours also have their 

coefficient of expansion abnormally high, as they approach temperatures at which 

they pass into the liquid state. In fact, it is a matter of common observation, 

that the vapour density of a body taken near the boiling point is frequently 

higher than it should be by theory. 

* Reevautt, Annales de Chim. et Phys. (1842), 3™° séries, v. p. 80. 
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The cause of the increased coefficient of expansion at temperatures approach- 

ing those of condensation appears to be, that the atoms of gases, under these 

conditions, approach each other too nearly, so as to come under the influence of 

cohesion.* If this cause be the true explanation, the tendency of the atoms of 

vapours to cohere at low temperatures may be combatted in two ways—either 

by diminishing the pressures to which they are subjected, or by separating the 

atoms by mixture with another gas of a more permanent character. 

Various experiments on vapours have been made at diminished pressures. 

ReEGNAULT} has examined the vapour of water under these conditions, and BrnEAu 

has determined the vapour densities of acetic and formic acids at pressures much 

below that of the barometric column. Indeed, Gay-Lussac’s method of taking 

vapour densities is, to a certain extent, one of estimating them at diminished 

pressures, as there is generally a considerable column of mercury within the 

apparatus to be deducted from the column of mercury in the barometer. The 

practical objection to the correction of the error by diminishing the pressure is, 

that slight diminutions of it seem to exercise little effect in counteracting the 

effect due to the cohesion of the particles of gas on approaching to the condition 

of liquefaction, whilst the working at extremely low pressures is surrounded with 

great experimental difficulties. 

The second remedy to which we have alluded, viz. the separation of the par- 

ticles of the vapour by a considerable excess of a permanent gas, having in itself 

a normal coefficient of expansion, such as hydrogen or air, appeared to be one 

which promised good results, and has chiefly engaged our attention—especially 

so, because it offered a means by which both the difficulties to which we have 

alluded might be overcome—viz., the danger of incipient condensation on the 

surface of the containing vessels, and the danger of contraction by the action of 

cohesion when the particles of gas approach each other too closely. The first 

danger can be wholly avoided by always having an excess of gas, so that it does 

hot become saturated with the vapour under examination. The second danger 

is also greatly reduced by the admixture of the gas; for we shall show, by expe- 

rimental evidence, that, although the coefficient of expansion of a vapour taken 

under ordinary circumstances is higher than that of air, it undergoes an alteration 

when the vapour is mixed with hydrogen gas—this alteration making it, if not 

identical, at least approach closely to that of air and other non-condensible gases. 

Before we proceed to describe the peculiar apparatus which we use in deter- 

mining the vapour densities of bodies which are either decomposed at their 

boiling points, or which it may be desirable to examine at lower temperatures, 

* The researches of Recnavutt (Annales de Chim. et Phys., v.), showing that at diminished pressure 
gases have very nearly the same expansion-coefficient, whilst. at increased pressure considerable 
divergency is observable, lends experimental support to the hypothesis we have adopted. 

+ Reenavtt, Annales de Chim. et Phys., xv. p. 146. 3™* séries (1845). 
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with a view to questions of chemical constitution, it may be desirable to show 

that a vapour partially saturating a gas deposits itself like a gas, although the 

temperature is lower than that requisite for its condensation if alone and under 

ordinary barometric pressure. 

The researches of REGNAULT on aqueous vapours, undertaken with a view to : 

meteorological inquiries, have shown that the vapour of water at a temperature : 

even so low as 0° C. behaves as if it were a true gas. Its ratio of expansion 

closely approximates to that of air; its vapour density, when mixed with air, is 

‘622, or the theoretical numbers. The evidence in this case is satisfactory, that 

aqueous vapour, held as such in air, follows the laws which regulate uncondensible 

gases; but the mode in which the results were obtained is quite special, and appli- 

cable only to water itself.* The tension of water at low temperatures having 

been determined, RecNaULT caused a measured volume of air, saturated with | 

moisture at a known temperature, to pass through a weighed tube containing sul- | 

phuric acid. The increase in weight of the drying-tube gives the amount of : 

aqueous vapour present; and as the quantity of moist air and the tension of water 

were known, the data were sufficient to calculate the volume of the aqueous 

vapour which occasioned the increment in weight. 

By employing permanent gases to take up volatile liquids, we have examined 

whether other vapours comport themselves like gases, as aqueous vapour does. 

Our experiments embrace alcohol and ether: the former we have employed in a 

slightly moist state, and also absolutely anhydrous. | 

For this inquiry we have found a slight modification of Gay-Lussac’s process 

to be most convenient. <A carefully dried graduated tube is filled with warm mer- 

cury, and inverted in the mercurial trough. Next, dry hydrogen is introduced. 

The gas is then measured, adopting the precautions which are requisite in measure- 

ments for a gas analysis. The liquid to be operated upon, of which a weighed 

portion is contained in a small glass bulb, is subsequently passed up to the hydro- 

gen contained in the graduated tube. The tube, with its contents, is then lifted 

out of the mercurial trough by means of a small iron cup, and transferred to the 

bath in which it is to be heated, and which contains some mercury, occupying 

about an inch of its interior. An adjustment of the graduated tube having been 

made, water is poured into the bath, and heat applied, until the boiling-point of 

the liquid under examination has been passed. After all the liquid contained in 

the bulb has evaporated, the bath is allowed to cool very slowly, being stirred up 

constantly, so as to keep its temperature uniform throughout. Before each obser- 

vation, great care was taken to ensure uniformity of temperature. 

The following minute corrections were made :— 

1. A correction for meniscus equal to 0°3 cubic centimeter. 

* Reenavtt, Ann. de Ch. et Phys., 3™° séries, p. 158. 
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2. A correction for expansion of the glass tube, which amounts to from -4 

cubic centimeter to 0-1 cubic centimeter. 

Both the barometric column and the mercurial column contained in the gra- 

duated tube were reduced to zero, according to tables given for that purpose in 

Bunsen’s “ Geometry.” The water column occupying the bath was measured in 

millimeters, corrected for temperature, and reduced to mercurial measure. 

A. SERIES OF EXPERIMENTS WITH SLIGHTLY Moist ALCOHOL. 

Vol. in Cub. 
Ob d vol A 
in Cubic Centi- Temperature C, erasure. in ah eee 

PASISNS: m.m. Pressure. 

Dry Hydrogen, 68:18 GC; 600 52°482 

Dry Hydrogen and Alcohol é ° ; 
Vapour—Observation 1, Ha) Bee es ee aa? 

Dry Hydrogen and Alcohol kjves 0 ; : 
eno Obs, 2, 126-04 84 724°6 91:916 

Pe os Hei 124.28 | 77°5° 720-9 91-840 

ee on ‘seat gh 122-68 70:5 717-9 92-117 

Dry Hydrogen and Alcohol 7 4 
apse “Obs. 5. 120-02 61 712 91-922 

The numbers contained in the last column are obtained from those in the 

other columns, by applying Marriorte’s law, and using the coefficient 00366 for 

the expansion of 1° C. Inspection will show that the pressures are nearly alike 

in the five observations made of hydrogen, mixed with alcohol vapour, whilst the 
temperatures vary 40° C. 

Since the numbers in the last column are almost identical, it follows that the 

coefficient of expansion adopted in their calculation is correct. 

The alcohol in this instance was supposed to have been dry, but subsequent 
examination showed that a small quantity of water had escaped the action of 
the dehydrating agents. The vapour density of this moist alcohol may be found 
by the following calculation. We will take Observation 1 :— 

Cubic cent. 

Vol. of hydrogen + alcohol vapour = 92-189 
Vol. of hydrogen = 62°482 

39-707 
The weight of the alcohol which was introduced was 0775 grm. 
Therefore, 39°707 cub. cent. of alcohol vapour weigh -0775 grm, 
39°707 cubic cent. of air weigh :05137 grm. 
‘0775 
"05137 
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= 1-508, the vapour density of the moist alcohol. 
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If the other observations be calculated, the numbers will be found to differ 

very little from that obtained from the first ; indeed Observation 3d, which de- 

parts furthest from Observation Ist, gives for the vapour density the quantity 
1-522. 

The same sample of moist alcohol was made the subject of an experiment, in 

which its vapour density was determined in the usual way, without the employ- 

ment of a permanent gas :— 

Weight of Alcohol taken =-0792 grm. 

Observed volume Vol. in Cubic 
Pressure in C 

in Cubic Centi- | Temperature C. Tq: Jent. corrected 
Caetore. I Millimeters. at 0° C. and 760 

Observation], ... . 63°48 95° 636-8 

Observation 2, G01 te : 681°5 

From which is deduced :— 

Temperature. Vapour density. 

95" : ? ; 1551 
oo : : : 1-565 

In the first described experiment, where hydrogen was present, we found the 

vapour density of the alcohol to lie between 1:508 and 1522. It would appear, 

therefore, that the presence of hydrogen lowers the vapour density of alcohol 

vapour; the lowering cannot be due to difference of pressure, for in the experi- 

ment where the higher vapour density was obtained, the pressure was about 

630 millimeters, whilst in the other experiment it was about 730. 

B. EXPERIMENTS WITH PERFECTLY ANHYDROUS ALCOHOL. 

Weight of the Alcohol taken = :0889 grm. 

Vol. in Cubic 
Pressure in Cent. corrected 
Millimeters. at 0° C. and 760] — 

Millimeters. 

Observed volume 
in Cubic Centi- | Temperature C. 

meters. 

Vol. of Dry Hydrogen, . . 43°16 ia 572-07 

Hydrogen and Alcohol Va- 11084 99° 710-6 
pour—Observation 1, . 

Hydrogen and Alcohol Va- ; se : 
ee = Obs 2m 107:16 83°5 699-7 

Hydrogen and Alcohol Va- : ° : Ler mantagh fy } 102-74 68 695-1 
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A correction of 0:4 cub. cent. for air contained in the alcohol bulb has to be 

made. This quantity must be subtracted from the volume of alcohol vapour. 

The vapour densities, as deduced from the three observations, are as follows :— 

Vapour Density. 

Observation 1 at 99° ; 
2. at 83-52 ’ 1-580 
tT 3 antee? 1°592 

The same sample of anhydrous alcohol gave without hydrogen :— 

Weight of the Alcohol taken = ‘0991. 

Vol. in Cubie 

Pressure in Cent. corrected 
Millimeters. at 0° C. and 760 

Millimeters. 

Observed volume 
in Cubic Centi- | Temperature C. 

meters. 

Vol. of Alcohol Vapour— : ae % , 
Ohreevation’ 1: 75°42 100°5 661:9 48024 

Correction for air contained in the bulb = 0:1 c.c. 

; Vapour Density. 

Observation 1 at 100-5° ? ; 1-599 
~~ Dat 865° 1:602 

Here, again, we notice the same peculiarity as in the former experiments with 

the specimens of moist alcohol, viz., the vapour densities taken with hydrogen 

are rather lower than those taken without it. We shall recur to this circumstance 

afterwards. 

The theoretical vapour density of alcohol calculated from the sp. gr. of hydro- 

gen is © x:0691 = 1:5893, a number which agrees with our experiment. 

In several elementary works on organic chemistry, in RecNavutt’s “ Manual” 

for example, the following vapour densities for alcohol at different temperatures 

are given :— 

Temperature. Vapour Density. 

88° C. : ; : , 1:725 
98° : : ; 1-649 

110° 3 : : : 1610 
125° , 5 ; ‘ 1603 
150° : : ’ : 1604 
175° : : : c 1:607 
200° : : 6 5 1:602 

Our observation does not confirm the decrease of ‘08 in density between 88° C. 

and 98° C. Between 86°5° and 100°5", we have an decrease of -003 only. 
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C. EXPERIMENTS WITH ETHER WHICH HAD BEEN PURIFIED AND DRIED WITH GREAT CARE. 

Weight of Ether taken = -0808 grm. 

Vol. in Cubic Observed volume c 
in Cubic Centi- Temperature C. pia Nee San co eauee 

BAG Millimeters. 

Vol. of Dry Hydrogen, . 55:09 6°5° 557°4 

Hydrogen and Ether Vapour 94-0 69:5° 653-8 64-466 
—=Obset,: (emp eG. oF 

ES aaa } 82:97 | § 20:8° 631°8 64-094 

Temperature. Vapour Density. 

Observation 1 at 69°5° 2-499 
3 2 at 20°8° 2°539 

Eaperiment without Hydrogen. 

Weight of Ether taken = -1702 grm. 

Vol. in Cubic 
Cent. corrected 
at 0° C. and 760 

Observed volume 
in Cubic Centi- re 

HE Millimeters. 
meters. 

Ether Vapour—Obs. 1, : 80°49 94° 

Ether Vapour—Obs. 2, . 72°38 52° 

659°7 

640°3 

Millimeters. 

51:985 

51:232 

A correction of 0°2 c.c. has to be made for air in the bulb. 

Temperature. Vapour Density. 

Observation 1 at 94° C. : 
2 at 52° C. 2'580 29 

The theoretical vapour density of ether is 5 x -0691 = 25567. 

From these experiments we see that the vapours of alcohol and ether do not — 

depart widely from the true gaseous character. When mixed with hydrogen, 

they preserve their specific gravity at temperatures much below the boiling points 

of their liquids. 

The specific gravity of a gas is the quotient obtained by dividing the weight 

of a given volume of gas by that of the same volume of air under similar condi- — 

tions of pressure and temperature. Ifthe gas in question behave exactly like air 

when exposed to varying pressures and temperatures, the specific gravity of the 

gas must be invariable. If, on the other hand, the gas should not follow 

Marriortr’s law, or have an expansion coefficient different from that of air, the - 

specific gravity of the gas would be a varying quantity. 

The foregoing considerations will render intelligible the following inference q 

drawn from our experiments on alcohol and ether. We have shown that the — 

specific gravity of either of these vapours is lower when taken in presence of © 
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hydrogen than when taken alone. The circumstances, moreover, under which 

we have taken the specific gravities in mixture with hydrogen, are just those 

which are admitted to raise the specific gravities of gases. They are lower 

temperatures than the temperatures of the observations with which we make 

comparisons, and (in two of the experiments) slightly higher pressures. 

It follows, therefore, that hydrogen hinders the contraction of alcohol and 

ether vapours; in other words, it diminishes the expansion-coefficient of these 

vapours. 

The differences observable between the two sets of specific gravities are small, 

but they are constant—just, in fact, what might be expected. 

Before leaving this division of the subject it may be useful to state the general 

behaviour of gases, as presented to us in our researches. We are led to the con- 

clusion, that at very high temperatures all vapours and gases expand nearly, if not 

quite uniformly; but at lower temperatures, that there are differences in the rate of 

expansion of different vapours. The admixture with permanent gases, and more 

especially with hydrogen, effects a slight alteration in the expansion-coefficient of 

the vapour, rendering the vapour more truly gaseous. 

To pursue this division of the enquiry, and to estimate these small differences, 

will require a more delicate apparatus than the one we have been employing. 

We pass on to what in fact is the more immediate subject of the paper—viz., how 

to render available for research our knowledge that vapours may be made into 

gases, at whatever temperature they are evolved. 

The method of research which we have hitherto described, involves the heat- 

ing of the liquid to be examined above its boiling point; this is requisite in order 

to ensure its total conversion into vapour. 

By the plan about to be described, the vapour is never heated higher than the 

temperature at which its density is to be taken. The principle is that of Dumas’ 

method—viz., the weighing of a given volume of vapour; the mode of carrying it 

out is, however, so different, that a minute description of the apparatus will be 

necessary. 

Those who have occupied themselves with Dumas’ mode of taking vapour den- 

sities, will be well aware, that one of the difficulties of using it for temper- 

atures near the boiling point of a liquid, is due to the circumstance that it is 

impossible to know when all the liquid has assumed the state of vapour. 

Our modification of the method consists in placing the liquid to be vaporised 

outside of that part of the apparatus which, when hermetically sealed, will con- 

tain the vapour mixed with gas. The apparatus consists of a pair of large bulbs, 

connected together by means of a neck, and terminating on either side in narrow 

glass tubes, which are bent and blown into small bulbs, as represented in the 

drawing. The bulbs C and C are large, and together capable of holding from 200 

VOL. XXII. PART II. 5 Zz 
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to 400 cubic centimeters. The bulbs 6 are very small, being mere dilatations of 

the narrow tube. They are to contain the liquid to be examined. ‘The bends a 

and a should be on the same level, and thin, so as to admit of fusion by the lamp. 

Altogether, the apparatus should not weigh more than 65 erm. The following 

mode is employed in making an experiment with the apparatus. 

After being cleaned and filled with the dry air of the balance-case, the bulb- 

apparatus is weighed, and then transferred to the bath, being grasped by a retort- 

holder, which takes hold of the neck connecting the large bulbsC and C. The end 

A is then jointed to a hydrogen-apparatus by means of a small caoutchouc tube ; 

the other extremity D, which projects out of the bath through an orifice in the 

side of that vessel, is likewise connected by means of a caoutchouc tube, with a 

long narrow glass tube pointing downwards, and designed to prevent diffusion. 

Dry hydrogen gas is then passed through the apparatus to repletion. Whilst this 

is going on, warm water is poured into the bath—the hole in its side through 

which the extremity D passes being stopped up with putty, which makes a very 

convenient water-tight stopping. The addition of water is continued, until the 

bends aa are totally submerged. When the apparatus is full of hydrogen, the 

connection at A is interrupted, and the liquid, of which a vapour-density deter- 

mination is made, introduced at A. 

On re-establishing the communication with the hydrogen-apparatus, a stream 

of dry hydrogen passes through the dilatation 6, and becoming more or less 

saturated with vapour, enters the great bulbs C and C. 

No more liquid is placed in 0 than is sufficient to fill that bulb half-full; the 

three supplementary dilatations near 0 acting as safety-bulbs, to avoid the effects of 

splashing. 

The temperature of the bath is raised very slowly, the water being constantly 

stirred, so as to ensure uniformity of temperature. When the temperature is 

three or four degrees below the point at which a vapour-density determination ie 

required, the current of hydrogen is nearly stopped. 
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The object of this is to avoid complete saturation of the gas with vapour. By 

this device, the greater part of the gas which is present in C and C, at the end of 

the operation, has entered at a lower temperature than that at which the appa- 

ratus is sealed, and, consequently, is only partially saturated atthe moment of 

sealing the apparatus. 

The desired temperature having been attained, sufficient water to expose the 

bends a a, but not the large bulbs C C, is suddenly let out of the bath, by opening 

a large tap situated close to the bottom of the bath. The current of hydrogen 

having been entirely stopped, the flame is applied to @ and a, until the apparatus 

is sealed up in both places. The temperature of the bath having been again 

noted, and also the height of the barometer, the bulbs C and C which contain 

the vapour and hydrogen, are removed from the bath, carefully cleaned, and sub- 

sequently, along with the other two fragments (viz. the portion A to a and the 

portion a to D, also carefully cleaned), transferred to the balance-case and 

weighed. 

The difference between this latter weighing and that at the beginning of the 

operation gives, when the weight of the displaced air is added to it, the weight of 

C Cfilled with a mixture of hydrogen and vapour at the barometric pressure and 

temperature of the bath at the time of sealing. 

The remainder of the operation having for its object to find how much hydro- 

gen is enclosed in C C, and also the capacity of C C, is conducted thus :—The her- 

metically sealed C Cis placed in cold water, and one of its sealed extremities nipped 

off whilst still under water, which enters and occupies the space not filled by 

hydrogen. After remaining in water for a number of hours, until the vapour has 

been completely absorbed, the apparatus is lifted vertically out of the water, 

care being taken not to heat the hydrogen contained in the bulbs, for which 

purpose a holder is employed. The temperature of the water, also the height 

of the barometer, is observed. 

The apparatus, together with the water which has thus entered, is then 

weighed. It is afterwards completely filled with water, and again weighed. 

The difference between the weight of the bulbs empty, and the weight of them 

filled with water, gives the total capacity of the apparatus. 

The difference between the weight after the first portion of water has entered, 

and the weight of the apparatus quite full of water, gives the volume of the hy- 

drogen at temperature of the water and at the barometric pressure, minus the 

column of water contained in the bulbs when they are held over the water out 

of which they had been lifted. This column is measured after the first weighing 

of bulbs and water had been made. 

Such is the process which we employ to take vapour densities of bodies in- 

capable of being heated to their boiling points without decomposition. 

Exception may perhaps be taken to the mode of measuring the hydrogen 
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included on sealing the bulbs. We will answer some objections which might 

naturally be raised. 

It might be feared that the vapour would not be perfectly absorbed by water ; 

but when it is considered how much water there is, and how little vapour has to 

be acted upon by it, it will be evident, that only in those instances where the 

vapour is nearly insoluble in water, will there be any chance of appreciably 

incomplete absorption. Only in those instances where the substance is at once 

insoluble in water and possesses a high tension at ordinary temperatures, could 

error arising from this source become serious. 

With regard to the absorption of hydrogen by water, it may be remarked, 

that since between 8° and 11°C. the absorption-coefficents of hydrogen and com- 

mon air, as determined by BuNSEN, are nearly identical, the measurement of 

hydrogen over water is so far unobjectionable. 

As an example of the method, we subjoin the particulars of a vapour-density 

determination of absolute alcohol, made at 30° C. below its boiling point :— 

Barometer (corrected to 0° ©.) = 763-094 m. m. 
Temperature of the balance-case, 7°5° C. 
Weight of apparatus in dry air, = 69-959 grm. 
Temperature at the time of sealing, 48° C. 
Weight of the apparatus + H + vapour = 69-5275. 

Weight of apparatus + water (at 5:2° C.) = 191-76 grm. 
water column, 122 m.m. 

Weight of apparatus filled with water = 545°36 grm. 

Volumes corrected 
at 0° C.and 760 m.m. pressure, 

Cubic centimetres, grm. 

Hydrogen - vapour, 406-43 weighing 0°1695 
Hydrogen, 341:27 4 0:0306 

65°16 0°1389 

Therefore, 65°16 cub. c. of aleohol vapour weigh -1389 grm, 
But 65°16 cub. ¢. of air weigh -0843 grm. 

F 1389 Vapour density of alcohol = ———~ = 1-648. apour density of alcoho 0843 1-648 

In all quantitative operations there are two kinds or orders of inaccuracy. 
The one is relative, bearing a tolerably constant proportion to the quantities 
operated upon: thus, for instance, in a precipitation, the precipitate is liable 
to retain a certain very small proportion of the soluble matter. The error 
in percentage on an analysis in such a case would be neither increased nor dimi- 

nished by varying the quantities of substance taken for the analysis—always 
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supposing, of course, that the washing of the precipitate were continued as far 

as possible. 

The other error is absolute, not bearing any relation to the quantity of sub- 

stance operated upon. It may be illustrated by the error in weighing. Suppose 

the balance used in an analysis of a mineral were incapable of indicating differ- 

ences of less than a grain: when 100 grains were taken for analysis, the error 

of weighing would amount to 1 per cent. If, however, the quantity employed 

were diminished to two grains, the error would rise to 50 per cent. 

It is manifest that the test for absolute error in a process is extreme diminution 

of the quantities taken for experiment. 

Some of the absolute errors which might be expected to exist in the process 

which has been described, are the following :—Loss or gain in the weight of the 

glass on sealing the bulbs. Variation in the state of cleanliness or hygrometric 

condition of the surface of the bulbs. This must be reckoned absolute, inasmuch 

as the capacity of a vessel increases far more rapidly than its sides. 

Two determinations of the vapour-density of water have been made upon very 

small quantities. As will be evident on inspection, they have given results as 

nearly approximating to the truth as the balance will admit. If the method 

were affected by any considerable absolute errors, outrageous results ought to be 

obtained in these extreme cases. 

If. 

Barometer, 749-0 m. m. 
Temperature of balance-case, 7:5° C. 
Weight of tube in dry air = 93°8168 grm. 
Temperature at sealing, ‘73° C. 
Weight of tube + H + vapour = 93°6690 grm. 

Tube + water (at 8°5° C,) = 121-66 grm. 
Tube filled with water = 223-58 grm. 

Water column, 100 m. m. 

.. Vapour-density of water = 0°671. 

II. 

Barometer, 749° m. m. 
Temperature of balance-case, 7°5° C. 
Weight of tube in dry air = 89-2922 grm. 
Temperature at sealing = 91:9° C. 
Weight of tube + H+ vapour = 891805 grm. 

Tube + water (at 6-2° C.) = 117-72 grm. 
Tube filled with water = 188-35 grm. 

Water column = 103 m. m. 
Barometer, 750°8. 

.". Vapour-density of water = 0°654. 

Theoretical density of water, _ x 0691 = 0:6219. 

VOL. XXII. PART III. OA 
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In neither of these determinations did the weight of aqueous vapour reach 10 

milligrammes. 

Hitherto substances supposed to be normal in regard to their vapour-densities 

have been examined. We next proceed to examine an abnormal case of con- 

siderable interest. Acetic acid, as is well known, is very irregular in its vapour- 

density. Canours, who has made many experiments upon it, gives its vapour 

density at different temperatures as follows :— 

At AO59 CIN. 3180 | AG BUOVCs OS 2:248 
130° we 3:105 220° res 2-132 
140° “eg 2-907 240° ie 2-090 
150° ae PA bi) 270° a3 2:088 
160° 7 2-604 . 310° ig 2:085 
170° ae 2-480 | 320° 2 2083 
180° 3 2°438 336° ae 2-083 
190° he 2-378 | 

Chemists seem to be divided as to the true explanation of this irregu- 

larity, some referring it to abnormal physical properties inherent in acetic 

acid vapour; others, on the other hand, to a change in composition taking 

place during alteration of temperature. Some experiments of BrneEav’s, to 

which we have previously referred, are decidedly in favour of the latter 

view. At ordinary temperatures, and at extremely reduced pressures, BINEAU 

finds for the vapour-density of acetic acid a number nearly approaching 4:00. 

It would seem from their being so rarely quoted that these results of BINEAU’s 

have not met with the credit which they deserve; and, indeed, the method 

employed is not altogether free from objection. Binrau 

made an imperfect barometer containing a chamber 

nearly void of air, and about 5 litres in capacity. He 

observed the temperature and the height of the column 

of mercury, comparing the latter with the height of a 

perfect barometer. A small weighed quantity of acetic 

acid, contained in a little bulb open at one end, was then 

introduced, a contrivance being used to prevent egress 

of the acid before the summit of the mercury was 

reached. As the capacity of the 5-litre dilatation was 

almost infinite compared with the capacity of a few 

millimetres length of the tube, it is evident that the volume of vapour could be 

directly measured by the depression caused in the column.* One of the causes — 

of uncertainty in these experiments is the great accuracy with which the readings — 

of the mercurial column must be made, in order to attain to even rough approxi- 

mate values of the vapour-density. This will be at once understood when we 

quote from Binrau’s memoir :— 

* Bineav, Ann. de Ch, et Phys., 3™e série, xvili. p. 236. 
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Mercurial column, Vapour-densities 
Millimeters. inferred therefrom. 

2°34 : : : 3°80 
2°43 ; : - 3°66 
2°50 c . . 3°56 

Another cause of uncertainty is the doubt whether the acetic acid was completely 

volatilised. Brinrav says that he applied external heat until all the liquid acetic 

acid had disappeared ; but any one who has seen Gay-Lussac’s method practised 

will know that a small bulb containing a liquid, and open at one end, will often 

contain liquid when the whole apparatus has been heated during several minutes 

above the boiling point of the liquid. 

These reasons have perhaps hindered the reception of BINEAU’s results. 

The acetic acid used in the following experiments had been purified and 

rendered free from water by repeated freezings. The portion taken for the first 

experiment had also been analysed. 

The modification of Gay-Lussac’s operation already described was employed 

in the following estimations, paraffine being used instead of water as the bath. 

A correction for the tension of mercurial vapour, according to AvoGapRo’s table, 

is introduced for the high temperatures. 

Weight of Acetic Acid = -0690 grm. 

Observed volume : Vol. in Cub. 
in Cubic Centi- | Temperature C. abe) mn) | Cent,courected 

meters. imeters. | at 0° C. and 760 
m. m. 

Hydrogen, . . 68-05 10°4° 585°0 50460 

| Hydrogen and Acetic Acid ’ ° a : 
Vapour—Observation 1, a) peed Bee Ce ie 

Hydrogen and Acetic Acid A ° , i 
Vapour—Obs. 2, cae 130°5 163 715-0 76°897 

Hydrogen and Acetic Acid ° : ee Obs 26, 1207 132 6987 74-819 

Hydrogen and Acetic Acid f .RO ’ ee ole 4 } 115-16 1165 686-3 72-909 

Temperature. Vapour Density. 

At 186° : 
163° 6 : : 2°017 
132° : - : 2°292 

116-5° : - : 2371 

The ratio of the volume of hydrogen taken to that of the acetic acid vapour 
was about 2: 1, as inspection of the corrected volumes will show. 

It will be apparent that these numbers are quite different from those obtained 
by Canours. 
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At 130° Canours obtains a specific gravity of 3:105, whilst at 132° C. we find 

the number 2°292. 

It would seem, therefore, that mere admixture of acetic acid vapour with 

hydrogen is sufficient to alter the vapour-density belonging to it. 

A second experiment appears to indicate that this alteration is dependent 

upon the proportion of diluent gas employed. 

Acetic acid taken = ‘0820 grm. 

Observed volume ; Vol. in Cub, 

in Cubic Centi- | Temperature C. Pressure in Cent. corrected 
meters. Millimeters. | at 0° C. and 760 

m. m. 

Hydrogen, . . 51-5 12:5° 546 8538 
Hydrogen and Laer ae ; nae 

servation 1, 0%) 128-92 212°5 693-5 66-176 

Hydrogen and arpSr os f g 

servation 2, } 123-04 194 | 699-7 66:243 

Hydrogen and Bence: / al 

servation 3, } 119°1 182 695°5 65°418 

Hyd: dv —Ob- 3 
iene oe } 114-14 166-5° 668°6 62-393 

Hyd dV — Ob- 
Serene: if sciee ae 102-66 130-5° 672-7 61:496 

d —Ob- se ae eg atin’ 9 an 98-21 119° 662-0 59-594 

Temperature. Vapour Density. 

Pa ea . ; 5 2:060 
194° : : : 2°055 
182° ; : : 2:108 

166°5° ; A : 2-350 
130-5° ‘ : ‘ 2-426 

119° . ; : 2-623 

In this series of observations the ratio of the hydrogen to the vapour was 

rather less than one of hydrogen to one of vapour. 

From these results it is manifest that the specific gravity of acetic vapour can 

be altered by mixing it with different proportions of hydrogen. This fact, if it 

stood alone, would indicate that acetic acid is physically abnormal. If, however, 

the phenomenon were purely physical and not chemical, we should expect to 

find that dilution with a gas would alter the specific gravity at all temperatures. — 

Further research has brought out that at low temperatures the specific gravity of 

acetic acid vapour is invariable, or only slightly variable—a fact which points — 

towards chemical change. i 
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Determination made by the other method gave :— 

if 

At 95°5°. 
Corrected vols. 

at 0° C. and 760 m. m. Grm. 
Cubic Cent. ; 

Air + ag Bye 823 217°68 weighing 3547 
Air, : ‘ : 182°21 : 2357 

35°47 > 1190 

Vapour density = 2-594. 
Ratio of vol. of air to vapour, about 5: 1. 

igi 

At 86°5° C. 

Corrected vols. 
at 0° C. and 760 m. m. Grm. 

Cubic Cent. 
Hydrogen + Acetic acid, . 228712 weighing 2618 
Hydrogen, : : : 167:95 i 0150 

60°17 2468 

Vapour density = 3°172. 
Ratio of vol. of hydrogen to vapour, 24 : 1. 

III. 

At 79:9° ¢. 
Corrected vols. 

at 0° C. and 760 m. m. Grm. 
Cubic Cent. 

Hydrogen + Acetic acid, . 147-07 weighing "0815 
Hydrogen, 3 , } 130:94 3} 0117 

16:13 : 0698 

.. Vapour density = 3°340. 
Ratio of vol. of hydrogen to vapour, about 8 : 1. 

TV 

At 62°5° C, 
Corrected vols. 

at 0° C. and 760 m. m. Grm. 
Cubic Cent. 

Hydrogen + Acetic Mae 237-60 weighing 0938 
Hydrogen, mn ; 223°15 . 0200 

14°45 ‘5 0738 

Vapour density = 3:95, 
Ratio of vol. of hydrogen to vapour, about 16:1. 

Vol. of H 
Temperature. divided by Vapour density. 

vol. of vapour. 
ie F ‘ 95°5° : ° 5 ; - 2°594 

Vi 86:5° ws, Diarit ein a 3-172 
III. : : 79-9° : 2 8 : - 3°340 
Va : J 62°5° i : 16 Z 7 3:950 
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Thus it appears that great dilution with hydrogen does not hinder the specific 

gravity from attaining to nearly 4:1 at low temperatures. 

Acetic acid vapour at low temperatures is chemically different from acetic 

acid vapour at high temperatures. Two modes of representing the change at 

once suggest themselves—viz., 

The former equation is more in accordance with our results than the latter, 

requiring that acetic acid having (at high temperatures) a vapour density of 

2°073, should double on cooling, so as to have a vapour density of 4:146. The 

second equation requires a change of 6 vols. into 4, or an increase of vapour 

density to 3:112—a number which is considerably exceeded in our experiments. 

Further experiments are needed to decide between these different modes of 

representation. Ata future opportunity we hope to have the honour of laying 

before the Society the results of a further enquiry, embracing different members 

of the Acetic Acid series. In particular, the results of a diffusion-analysis applied 

to these vapours, as it has been already by Bunsen and FRANKLAND, to certain 

permanent gases, promise to throw much light upon the subject. 

The following supplement contains some examples of vapour densities taken 

upon bodies which, from their proneness to decomposition, have not hitherto 

been attempted. 

Supplement containing instances of the employment of the foregoing methods. 

(Read 29th April 1861.) 

Nitrate of Ethyl. 

Among the nitrates, the nitrate of methyl alone has been made the subject of 

a vapour-density determination. Bodies of this kind become explosive on being 

raised only a few degrees above their boiling points, and hence are difficult to treat — 

by the usual methods. 

We have deemed it interesting to estimate the vapour-density of nitrate of 

ethyl. 

The nitrate of ethyl used in our experiments had been prepared by the action 
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of nitric acid upon alcohol, according to the directions of the hand-books, urea 

being added to destroy any peroxide of nitrogen. The ether was washed, dried 

by standing in contact with carbonate of potash, and afterwards distilled in the 
water-bath. 

‘1869 grm., on ignition with oxide of copper and copper turnings, gave °1754 

erm. of carbonic acid and ‘0975 germ. of water. 

No solid potash was employed in conjunction with the potash bulbs, where- 

fore the slight deficiency in the carbonic acid may be fairly ascribed to the passage 

of nitrogen gas. 

Here are the results of the combustion compared with the formula of nitrate of 

_ ethyl, a: } O, requires :— 

Calculated. Found. 
eEeo—oe ow eo 

Carbon, : : DY XG 7/ 25°60 
Hydrogen, 2 ‘ 5 5°50 5°80 
Nitrogen, 5 3 14 =16°38 
Oxygen, : : 48 62°75 

91 100-00 

The vapour-density determination was made by the modification of Gay- 

Lussac’s method. The gas employed as the diluent was dry nitrogen. 

‘0786 grm.= amount of substance taken. 

Corrected Vol. 
Observed vol. T t C Pressure in in Cubic Cent. 
in Cubic Cent. eas Millimeters. reduced to 0° C. 

and 760 m. m. 

Vol. of Nitrogen ‘ : 45:28 12:9° 575:8 82°758 

Vol. of eke + Mapes \ 79.31 85-5? 6603 59-484 
—Obs. 1, , 

The same—Obs. 2, : 80°30 90° 6618 52-598 

The same—Obs. 38, : 76°84 70°3° 656°4 52-784 

The same—Obs. 4, : 15:67 649° 654:°9 52'692 

0:2 cub. cent. to be subtracted from the corrected volume at 0° C., and 760 m. m., 

being the correction for air introduced in the bulb containing the nitrate of ethyl. 

C. Vapour Densities. 

Obs. 1 at 85:5" : : 3112 

”? 2 ” 90° . f . 3094 

” 3 ” 70°3° : 5 ‘ 3°065 

” 4 ” 64:9° : . a 3°079 

C,H, ; 1 ere / ; 
NO, { 02 requires 3% ‘0691=3:144, which is sufficiently near the experimental 

4 

density. 
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Nitric Acid. 

It can hardly be said that the state of condensation of the acids has been 

determined by direct experiment. Most of the acids are too little volatile, or 

suffer decomposition at too low temperatures, to admit of such experiments. 

And those acids whose vapour-densities have been actually observed are seldom 

in perfect accordance with theory. The vapour-density of sulphuric acid, for 

example, is abnormal: and though we are far from demurring to the explanation 

that that acid suffers decomposition into anhydride and water, it must be allowed 

that direct experiment has not yet established the molecular weight indicated by 

the formula 80 } Op. 
2 

4 

Again, the series of fatty acids, although normal at high temperatures, are 

abnormal at low temperatures: indeed, it is difficult to find an example of an 

acid which does not offer some anomaly of the kind. 

We have selected nitric acid forexperiment. As will be apparent by-and-by, 

this acid is regular, having for its molecular weight the number answering to the 

NO formula “jy ° On 

The acid employed was distilled from sulphuric acid, then from dried sulphate 

of copper, and, lastly, warmed in a stream of dry carbonic acid, so long as its 

colour became less yellow. The final product was found to be quite free from 

sulphates and chlorides. Its strength, as indicated by alkalimetry, was satisfac- 

tory. Its colour was a very pale yellow, which the transmission of carbonic acid 

was incapable of rendering fainter. 

From our observation, we are inclined to believe that the last yellow tinge can- 

not be removed from monohydrated nitric acid by warming for any length of time 

in a current of perfectly dry gas; but the presence of a minute trace of mois- 

ture in the transmitted gas at once decolorises the acid. The success of the 

employment of urea as a means of depriving nitric acid of colour, depends partly 

on the production of water. We need hardly remark that we avoided the use of — 

urea. We believe, moreover, that the quantity of peroxide of nitrogen requisite to 

give the yellow tinge is imponderable. 

As nitric acid attacks mercury, Gay-Lussac’s process is quite inapplicable 

to it; and since nitric acid undergoes some decomposition on boiling, Dumas’ 

process would not answer without some modification. 

The following determinations have been made by the method previously 

described. The gas used to dilute the nitric acid vapour was dried air. 
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E, 

Determination of Vapour-density of Nitric Acid at 68-5° C. 

Cubic Centimeters 

at 0° C. and 760 m.m. Grm. 

Vol. of Air+ Vapour = 394:60 weighing °7255 
ay aud = 262:48 4 3395 

132°12 *3860 

Hence 132-12 cub. cent. of nitric acid vapour weighs ‘3860 grm. Vapour- 

density = 2:258. In the above experiment the bulbs, when sealed up, were per- 

fectly colourless. 
ine 

Determination of Vapour-density of Nitric Acid at 40°5° C. 

Cubic Centimeters 

at 0° C. and 760 m. m. Grm. 
. fare ee . . 

Vol. of Air+ Vapour, 31762 weighing ‘4664 
at ies < 5 286:38 55 3705 

31:24 "0959 

Hence 31:24 C. C. of nitric acid vapour weigh 0959 grm. Vapour density 

=2-373. In this instance the bulbs were very faintly tinged with peroxide of 

nitrogen. Possibly this may be the real reason why in this case the number is a 

little higher than in the former experiment. 

¢: Vapour Densities. 

Obs. 1 at 68°5° , , ; F 2°258 

oD yp 40°5 2-373 
The formula | O, requires eS x 0691 =2-1766. 

It thus appears that nitric acid vapour is pretty nearly normal, even at many 

degrees below the boiling point, under ordinary atmospheric pressures. 

Here the remark may be made, that one of the sources of uncertainty belonging 

to Dumas’ method is avoided. 

_ Several grammes of substance are generally taken for a Dumas’ vapour-density 

determination. Fractional distillation takes place in course of the operation, so 

that unless the substance be of extreme purity, the specific gravity obtained is 

liable to depart widely from the mean specific gravity of the sample. 

The method which we have described completely avoids this. Only a small 

quantity of substance is necessary, and even that need not be completely evapo- 

rated, since the portion of the apparatus containing the substance is afterwards 

separated from the portion filled with gas and the vapour. 

Peroxide of Nitrogen, N O,. 

Peroxide of nitrogen offers one of the examples of physical and chemical pro- 
VOL. XXII. PART III. 6c 
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perties in opposition. Whereas NO, represents Cl. (one equivalent of NO,, 

replacing just as much as one equivalent of Cl), NO, is physically equivalent to 

Cl,. The wonderful deepening in colour which peroxide of nitrogen undergoes on 

being heated, led us to suspect that molecular change might also occur. This 

expectation has been fully realised. We deduce from our experiments that 

peroxide of nitrogen exists in two states; that there are two bodies having the 

same percentage composition as peroxide of nitrogen, but which are polymeric. 

The body existing at high temperatures requires the formula NO,, that exist- 

ing at low temperatures requires the formula N,O,,. 

The peroxide of nitrogen used in this research was prepared partly by distil- 

ling nitrate of lead, and partly by distilling a mixture of nitrate of lead with 

chloro-chromate of potash. The products from several operations were purified 

together, and placed in.a single hermetically sealed tube. 

‘2166 grm. of the liquid, weighed in a hermetically sealed and thin glass bulb, 

was enclosed along with a little water and some pure carbonate of baryta in a 

glass tube of 40 or 50 C. C. capacity, and containing oxygen instead of air. On 

shaking up, the enclosed bulb was broken. The apparatus was heated for some 

time in the water-bath and opened; the liquid boiled to drive off carbonic acid, and 

the amount of baryta which had dissolved was carefully estimated as sulphate of 

baryta. °5498 grm. of BaO, SO, were obtained, or 149:26 per cent. of Barium. 

By calculation, 100 parts of NO, should require 148-91 of Barium. 

Therefore, the sample of peroxide of nitrogen was pure. 

Before proceeding to take the specific gravity of peroxide of nitrogen at differ- 

ent temperatures by the methods under consideration, it was requisite to settle 

certain points relating to the reactions of the body. 

In a preliminary determination of specific gravity, made by Dumas’ method, 

some months before the chief investigation, it was found that peroxide of nitro- 

gen was completely absorbed by water, without any evolution of NO,, at any rate 

at ordinary temperatures. In that experiment the Dumas flask filled completely 

with water, when opened under water at the end of the determination ; and after 

several days even, no appreciable amount of gas had made its appearance in 

the flask. 

At first we employed air as the diluent gas in these vapour-density determina- 

tions, but were subsequently compelled to have recourse to nitrogen ; for direct 

experiment showed that, when a measured volume of air is sealed up with water 
and peroxide of nitrogen, absorption of oxygen takes place, the ultimate volume 

measuring much less than the initial volume of air. Notwithstanding this source 

of error, which would tend to make the peroxide of nitrogen seem lighter than it 

really was, the specific gravity of that body at 8°5° C. was obtained as high 

as 2°46. 

The following determinations of the vapour-density of peroxide of nitrogen 
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were made using nitrogen gas as the diluent. The gas had been prepared by 

burning phosphorus in air, collected in a gasholder, and finally passed through 

a strong solution of pyrogallate of potash, and dried with sulphuric acid :— 

le 

Vapour-density determination at 97-5° C. 

Cubic Cent. at 0° C, 
Grm. 

and 760 m. m, 

Vol. of N+ NO, 26397 weighing 4473 
REN Wan 15947 . 2063 

104-50 -2410 

Therefore 10450 C. C. of NO, weigh ‘2410 grm. Vapour density = 1°783. 

Dilute solution of potash (sp. gr. 1:0043) was used to absorb the peroxide of 

nitrogen. The residual nitrogen was then calculated as being quite saturated 

with moisture, for potash of so low a specific gravity would not sensibly differ 

from pure water in point of tension. , 

In this and the following experiments it was carefully ascertained that the 

residual nitrogen was quite colourless: also, on making repeated experiments, no 

coloration could ever be seen on admitting air to the residual gas. 

II. 

Vapour-density determination at 24:5° C. 

Cubic Cent. at 0° C. 
Grm. and 760 m. m. 

Vol. of N+ NO, 425:29 weighing ‘8963 
morale "te. 244:39 * -3070 

180:90 5893 

Therefore 180-90 C. C. of NO, weigh ‘5893 grm. Vapour-density = 2°52. 

The absorption of NO, was made by means of water. 

Tit, 

Vapour-density determination at 113° C. 

Cubic Cent. at 0° C. 
Grm. 

and 760 m. m. 

Vol. of N+ NO, 4.49°05 weighing “7556 

eT Fie 349-4 : 4390 

92°65 -3166 

Therefore 92°65 cub. cent. of NO, weigh ‘3166 grm. Vapour density = 2°645. 

In this determination strong caustic soda (sp. gr. 1°348) was used to absorb the 

NO,. In making the calculation the gas in contact with such a solution was con- 

sidered half dry. By this means absolute precision is sacrificed to certainty. 

It cannot be doubted that the strong alkali would completely absorb all NO, 

without evolving NO,. 
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The influence of the possible tension of aqueous vapour from strong solution 

of caustic soda does not seriously affect the calculation. If we reckon the gas 

absolutely dry, we get vapour-density of NO, = 2°69. 

If absolutely wet, we have vapour-density of NO, = 2°60. 

IV. 

Vapour-density at 4:2° C. 

Cubic Cent. at 0° C. 
and 760 m. nm. Grm. 

Vol. of N+ NO, 854-38 weighing -6711 
ae 294:15 ~, +3695 

60:23 ‘2016 

Therefore 60:23 C. C. of NO, weigh -2016 grm. Vapour density = 2°588. 

Here weak solution of caustic potash (sp. gr. = 1:0045) was employed, and 

considered to have the same tension as pure water. 

The vapour density of NO,, given in Recnavutt’s “Cours Elémentaire de 

Chemie,” is 1-72,—a number which is a little less than the first number on the 

following list :— 

C. Vapour Densities. 

Obs. latyy-o —o.. ‘ : : ¢ 1-783 
PRD uPA?) OMT intl be asl ooy heads eat 
eee TIns Ty ea ae Ne  . aeee emGNs 
ine aa ee ale Tk) ae 

The formula NO, requires = x 0691 = 1°5893. 

The formula N,O, requires ee x 0691 = 3°1786. 

It will be observed that even at 97-5° C. the vapour density of peroxide of — 

nitrogen is rather too high for the first formula, whilst at 24°5° and downwards, 

the vapour density is much nearer that required by the second formula than that 

required by the first. 

If it be allowed that there exist two peroxides of nitrogen, NO, and N,0O,, 

and that these bodies pass readily into one another, the above resuls find a 

simple and natural explanation. At 100° C., the gas consists chiefly of NO,; at 

ordinary temperatures, chiefly of N,O,; whilst at intermediate temperatures, — 

intermediate quantities of NO, and N,O, are present. 

If change of composition be denied, the peroxide of nitrogen must have an 

expansion-coefficient widely differing from that of other gases. To admit such 

an exception to one of the best physical generalisations seems unphil¢:oraa 

and contrary to the usual proceeding of science. : 

In general, gases when exposed to pressures not exceeding the usual baro- 

metric pressure, and when no incipient liquefaction is taking place, have an 
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expansion-coefficient not differing widely from -00366. No exception has yet 

been established ; for, in those cases of which sulphur is the representative, it 

is at least probable that truly polymeric bodies exist. 

Another illustration of the vapour-density methods above described consists 

in an inquiry into the existence of hydrated oxide of ammonium. 

Can hydrated oxide of ammonium exist at 100° C., and in the gaseous state ? 

To solve the problem, a quantity of dry ammonia was measured over mercury, 

then a small portion of water, which had been accurately weighed in a thin glass 

bulb, was introduced into the ammonia. The whole was then heated up to 

100° C., and the volume of mixed gas and aqueous vapour noted. It will be 

obvious that the formation of hydrated oxide of ammonia would be indicated by 

contraction. If, on the other hand, the NH, and aqueous vapour, when mixed, 

had the same volume as when separate, no hydrated oxide of ammonium had 

- been produced. 

The following are the details of the experiment :— 

Corrected Vol. 
Observed Vol. Temperature Pressure in in Cubic Cent. 
in Cubic Cent. Centigrade. Millimeters. at 0° C. and 

760 m. m. 

Vol. of dry NH,, . : 34:19 12-5° 558°08 24-008 

Vol. of NH, + water, . 107-32 102°C. 709°66 72-973 

‘0402 orm. of water taken. 

But -0402 grm. of water, when converted into vapour, measures 49-95 cub. 

centimeters at 0° C. and 760 m.m. The difference between the readings before 

and after the addition of that amount of water is 48-965 cub. cent. Therefore, at 

100° C., ammonia and aqueous vapour can exist side by side without suffering 

any considerable contraction. 
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XX.— The Bijilar Magnetometer, its Errors and Corrections, including the Deter- 

mination of the Temperature Coefficient for the Bifilar employed in the Colonial 

Observatories. By JoHn ALLAN Broun, F-.R.S., Director of the Trevandrum 

Observatory. 

(Read 4th February 1861.) 

In 1845, a paper by me on the balance magnetometer was read to the Royal 

Society of Edinburgh (see Trans. vol. xvi. p. 67), which contained an examination 

of some of the difficulties to be considered and overcome in relation to that in- 

strument. No similar examination has yet appeared, as far as [am aware, of 

the bifilar magnetometer. When it is considered that the value of the results 

obtained from this instrument in so many observatories is dependent on an exact 

knowledge and elimination or correction of its errors ; and, as will appear here- 

after, that the temperature coefficients employed in the discussion of the Colonial 

observations are in some cases so erroneous that the uncorrected observations 

would have been nearer the truth than after correction, the following communi- 

cation may not appear unnecessary. 

2. The bifilar magnetometer, as devised by Dr Luoyp, was employed in all the 

British and Colonial observatories with one exception; a description of the in- 

strument will be found in the introductions to the “ Makerstoun Observations,” 

forming part of the Society’s Transactions. 

3. It is well known that if W represent the weight of the magnet and its appen- 

dages, 7 the magnetic moment, X the horizontal force of the earth’s magnetism, 

ithe length of the wires, a and 0 their intervals above and below, 7 the angle 

which they make with the vertical, v the angle of twist, and w the angle which 

the magnet makes with the magnetic meridian ; then, 

mxX sin u = 
Wad. 
Tos; 2% : ‘ ‘ie (ls) 

This, however, is on the supposition that the wires are lines without elasticity ; 

for if AC, BD, represent the vertical projections of the wires on the horizontal 

plane, then (to consider one wire only) it is evident that the 

upper end of the wire BD has turned through the angle v 

more than the lower end. Let us suppose that the wire BD 

is suspended alone with a weight equal _ , whose magnetic ‘ 

moment = m (or whose ratio to m is known); let the upper 

extremity of the wire be turned through the angle v, and 

the magnet be moved from the meridian through the angle 0, then, if the torsion 

force for unity of arc be p, we have 

p (v— 6) = mX sin 8, 

or, py=mX sind, . : i , . SAE 
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4, If we now consider the wire BD in the bifilar arrangement, and suppose it 

moveable round an axis at 0, so that mn which, when the wires were vertical. 

was parallel to OD, still remains parallel to OD, and we then turn B round the 

axis 0, so that mn shall be in the same line as AB; the moment of this twist 

through the angle v, for both wires, in turning the magnet round O, must be 

added to equation (1), and we have, if w = 90°, 

Wab . 
mX = Teos 7 BY + 2pu : , : (3). 

= Gsinv + 2mX sin 0, , , : (4). 
Wab 

where G =~ 
1 cos 7 

If we assume 
mX = G sin v’, : ' : (5). 

neglecting the variation of 7, we have 

vty QmX =GoosT~sin(v—v), . . (6). 

Whence, approximately, 

gin (oat) SO oad wild 51898 CGY 

If sin (v—v’)=tan B, then, 

mX = G (sin v — cos v tan 8) = fone since (v' =v) (8). 

and, ce ee | VC mmua na e paRS  ( 

whereas by equation aes SHENe PAO Me et ke ee ee 

If we know the torsion force of the wires, @ may always be computed from 

equation (7). The following experiments have been made to determine the pro- 

bable value of (. 

5. Torsion Force of Wires.—Silver wire used in Grubb’s bifilar, 0-007 inch dia- 

meter ; magnet suspended whose moment = m (= 9-0 English units approxi- 

mately), and weight = idl when it was found that 1° of torsion gave ©’ = 1-56. 

If v = 60°, then by equation (7), 
v—y = 5° 22’ 

6. This implies an error in the unit coefficient so much greater than is shown 

by the different methods of determining it, that I made the following experiments 

for its verification. The same magnet suspended with the same wire as bifilar, 

» = 47° 47’ (weight = W), magnet at right angles to the magnetic meridian; one 

wire was turned through angles of 10° right and left ; the corresponding changes 

of scale reading were found, for 1° of torsion = 1-65; therefore, for two wires and 

for 47° 47’ of torsion, 7 — v = 2° 376 nearly. By equation (7) we find, 

ev = 2° 216, 
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whereas by experiments with the magnet in the meridian, we find 

6 = oeere x 1-56, =; 29/2, 

7. In this experiment the angles of torsion with the bifilar wire were only 

estimated by means of a fibre attached to the wire below the point of suspension ; 

but other experiments were made with a more perfect apparatus; the ends of 

the wires were passed through holes in a brass plate of such diameter as to allow 

them to turn freely without any lateral displacement, and the ends were soldered 

into two brass pins with points, which indicated the amount of rotation of each 

wire on small circles graduated on the brass suspension plate, having the wire 

holes for centres. In this way some accurate observations were made, of which 

the following is the summary :— 

= (m = 7°7 nearly) ee by one wire in the meridian 6’ for 1° of torsion, = 0433 
two wires at right angles Av... ela, 

the latter fens, for two wires, v = 57° 13’, and v’ — v = 1° 20’; then, 

By equation (7), 6 = 264; 
By experiment, 6 = 24:8. 

Magnet (m = 2: a suspended by one wire in the meridian, 6’ for 1° of torsion, = 1-42; 
two wires at right angles to meridian, Av for 

1 of torsion, : " ; = 0-74, 

the latter as before being for the torsion of both wires, v = 14° 52’, v' —v =11’; 

then, 
By equation (7), 0 = 21"7; 
By experiment, 6’ = 21-1. 

In all instances, the confirmation is as near as could be expected. 

8. Equation (3), however, is on the assumption that the wires are wholly 

without twist before the torsion circle is turned; a supposition wholly gratuitous 

in fact, since the wires have generally been wound on bobbins before use, and the 

twist thus introduced is rarely ever wholly removed. Trials at Makerstoun in 

1841, with all the conditions as equal as possible, showed that the angle » varied 

about 1° (one degree), according as the torsion circle was turned to the right or to 

the left.* 

9. Unit Coefficient —In 1846 I employed a new method, which was free from 

the objections applying to the torsion circle observations, and in which the bifilar 

magnet was deflected by another placed at known distances.+ I have also since 

then employed the following processes. If we make W, a, 0, or / to vary con- 

siderably in the hypothetical equation (1.), and take the differences, a given 

variation of W = +a W, of a=-+aa, of /=-+ a J, will be connected with 

the observed variation of » = a v (u = 90°) by the equations. { 

* See Introduction to Makerstoun Observations, Trans. Roy. oe Ed., vol. xvii, part 1. p. 27 
} Introduction to Mak. Obs., 1848, p. Ixv.; 1844, p- xxviii. ; 1845, ?. XXVil. 
{ I have only lately learned that Mr Brooxe has employed the process by weights for his self- 

Besitoring instruments (Phil. Trans., p. 85, 1850). 
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AW Aa Al 

aztAa re 
or, since A v is always small = 7 a, where a is the arc value of one division of 

the scale, and 2 the observed number of scale divisions of deflection, then 

acotvy=k= 
AW Aa Al 

n (W= AW) n (aeaAa) nl 

To these methods may be added that given by Gauss, depending on the time 

of vibration of the magnet. 

10. The following table contains a summary of the results for the value of k 

obtained for different bifilars by the processes indicated above. 

TABLE I.—VALUES OF THE BIFILAR UNIT CoBFFICIENT & BY DIFFERENT METHODS. 

No. Date. 

1 | May 1847, 1 

2 | Oct. 1852, { 

3 | Sept. 1854, | 

4 | Dec. 1854, 

Sept. 1854, { 

6 Nov. 1854, { 

7 Dee: ASnds { 

8 | May 1855, { 

Instrument. 

Grubb’s bifilar, Sil- 
ver wires, 

Grubb’s bifilar, Sil- 
ver wires, 

Grubb’s bifilar, Pla- 
tinum wires, 

Idem, : 
Adie’s bifilar, No. 3, 
Platinum wires, 

Adie’s bifilar, No. als 
Platinum wires, 

Adie’s bifilar, No. 3, 
Platinum wires, 

Adie’s bifilar, No. 1, 
Platinum wires, 

AO eo —_a.—— aoe Oooo ae ee 

Method. 

Deflections 3 dist. 4 in. magnet, 

” ” 15 ”? 

Comparisons with Unifilar force inst., 
Angle of torsion, 
Weights AW = +33-0 grains, 

wee (AW = + 10571.s 4: 
OAS SAS rent 
eo WN Wee eee 

Intervals A a = +0°010389 in., 
- Aa = —0-01039 

Deflections 3 distances, 

Deflections, 3:125 feet, 

2-625 
2°125 

”? 29 

” ”? 

Weights AW = —72:0gr. and + 100 gr. 
Angle of torsion, 
Deflections 3 Ainiacase 
Deflections 3 distances, 
Angle of torsion, 
Weights A W = 
Angle of torsion, : 
Weights: AW == 41:5 gr. 
Deflections 3 distances, 
Angle of torsion, 
Deflections 8 distances, 0 
Weights AW = —34°8 a and + 380 Br 
Angle of torsion, 
arora ie eomes 

= 20 Cade 

—————-s 

Coefficient 
k 

0000 (prefix). 

1351 
1356 
1353 
1251 
1365 
1367 
1370 
1368 
137 
124* 
1369 
1503 

1503 
1503 
1505 
138 
1503+ 
0578 

0574 

0700 
0692 
0513 

0510 
0501 
0451 
0451 
0449 
0436 

No. 1, Makerstoun’; Nos. 2 to 7, Trevandrum Observatory; No. 8, Agustier Malley 
Observatory, Ghats of Travencore. 
weight suspended 
2200 gr. 

6354 or.; 
No. 2, weight suspended 8491 grains ; 

No. 5, weight 2960 gr.; 

* The wire was found to shift in the groove of the suspension screw. 
j The whole instrument had been turned into different azimuths since the preceding determinations. 

Nos. 3 and 4, 
Nos. 6, 7, and 8, weight about 
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11. The results from the angle of torsion are always too little, though 

approaching the truth, for platinum wires with light weights. The result by 

vibrations shows the insufficiency of this method, without some better system of 

correction for arc. On the whole, it appears that by weights and deflections the 

same mean result is obtained very nearly ; and both methods should be employed 

in the case of an instrument intended for a fixed observatory. The experiments 

by weights should, however, always be made first, as there is some danger in 

laying on and taking off the weights of an accident (the smallest shock producing 

a change of position in the magnet). When an instrument is closed up, and the 

line passing through the centre of the bifilar at right angles to its magnetic 

axis is marked, the deflections can always be made without disturbing the 

instrument. 

12. Temperature Corrections.—Having satisfied ourselves that we have obtained 

the true value of the unit coefficient, it is desirable to consider what causes may 

influence the members of equation (3). The quantities may evidently all vary, 

but the variations of W and 7 may be neglected, since the only known causes 

which can make W to vary are the moon’s attraction, producing a variation in all 

of less than 0:000002 of the horizontal force, and therefore inappreciable in our 

instruments; and the varying density of the atmosphere, producing for a varia- 

tion of three inches of mercury no greater change than 0:00002 of the horizontal 

force X; the variation of 2 appears in equation (4) as tan 2 d 7, a quantity of the 

second order; m, a, b, 1, and p, however, all vary with temperature. If we 

differentiate with respect to temperature, we shall obtain as corrections to 

equation (4) 

dm da db dl 
+ el 

m a b l 
+2 sin & <P. : 4 ‘ F (15) 

The variation of m, the magnetic moment, has been usually obtained by Mr 
ae da db dl é D 

Christie’s process; —*, i and 7 are the expansion coefficients of the metals 

separating the wires above and below, and of the wires themselves. These co- 

efficients have been usually taken as obtained from the expansion of solid bars of 

these metals. My own experiments show that this is not accurate; the expansion 

coefficient of a wire stretched by a weight is considerably greater than for a bar of 

the same metal; this error, however, bears a small proportion to the whole 

temperature coefficient: 2 is the correction due to the variation of the elasticity 

of the wires with temperature. 

13. If, then, we allow that the temperature coefficient obtained by placing a 

magnet in water of different temperatures is the same, or very nearly the same, 

as should be obtained when placed in air of different temperatures, we have still 

the effects of temperature on the wires undetermined, It is also by no means 
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certain that the varying temperature of the copper pillars supporting the torsion 

circle has no effect on the position of the magnet. 

14. The following experiments will prove that we cannot at present determine 

the correction for the suspension of the magnet by mere theoretical considerations. 

Considering that the elasticity of the wires diminishes with increase of tempera- 

ture, and that the twist of the wires in turning the torsion circle acts with the 

torsion force, an increase of temperature should be equivalent to a diminution of 

the total torsion moment, and the north end of the bifilar magnet should approach 
the north. The effect of temperature on the magnet itself being to diminish its 

moment, is to cause the north end to move from the north. The temperature 

coefficient should therefore be diminished by this action on the wires (excepting 

the case where the proper twist of the wires is greater than 7, and in an opposite 

direction). 

15. Trevandrum Observatory, July 1858.—Having suspended a lead cylinder, 

carrying a mirror (the whole weight being about 5000 grains), by the silver wires 

of Grubb’s bifilar, a fine silk fibre from the cocoon was attached to one of the 

wires near the lower end, and the fibre was passed over a light copper friction 

wheel (whose axle was taken from a dipping needle) ; forty grains were suspended 

at the other end of the fibre. The torsion circle was then turned till the angle 

was about 65°, the pull of the fibre over the friction roller being at right angles to 

the plane, passing through the lower ends of the two wires. The movements of 

the weight round the vertical axis were observed by means of a telescope and a 

glass scale at a distance of seven feet; the scale readings increased when the move- 

ment was direct, and one scale division was equal to 0°327. According to hypo- 

thesis, if the torsion was direct, an increase of temperature should correspond to 

a retrograde movement, or a diminution of scale readings, and vice versa. Hourly 

observations were made during the months of June and July 1858; but as the 

slightest shocks touching the pillar of the instrument changed the position of the 

weight, the series was broken from day to day. In the first series all the obser- 

vations comparable were obtained from July 21 to August 5, 1858. The tem- 

perature was obtained from a thermometer within the box, having its bulb resting 

on a brass cup. 

16. A change of the daily mean scale reading from day to day throughout the 

period is obvious (see second column of Table II.). On the assumption that this 

change was regular, a correction of + 2-0 Sc. div. a day from July 21 has been 

applied; the reduced quantities are given in the third column. The individual 

results are by no means satisfactory. They show generally, however, an increase 

of reading for an increase of temperature; and the final result is, that + 1°:0 Fahr. 

is equivalent to + 40 Sc. div., thus satisfying the hypothesis. 
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TABLE IJ.—TorsIon RETROGRADE. 

473 

Date. 

_ Observed. 

37°59 
18-77 
13°35 

- 22:23 
31:91 
31:32 
27°11 
26:23 
22°71 
21:82 
14°81 
13°95 
10°88 
6:02 

TREVANDRUM OBSERVATORY, BIFILAR WEIGHT. 

Mean Scale Reading. 

Reduced for 
Change. 

37°59 
20:77 
17°35 
28:23 
41:91 
43°31 
41:11 
42°23 
40-71 
41°82 
38°81 
39:95 
38°88 
36:02 

Mean 
Temperature. 

78°46 
77-20 
77:29 
Caner! 
78:37 
79:18 
79-04 
79-23 
79:15 
78°74 
T7210 
Vile 
77-09 
77:96 

Observed 
Scale Reading. 

Mean Change. 

Reduced 

Scale Reading 

— 16°82 
— 3°42 
+ 10°88 
+13°68 

1:40 

(apa e {pie il Se 

Temperature. 

— 1:26 
+0:09 
+ 0°42 
+ 0°66 

+0°81 
—0-14 
+ 0:19 
— 0:08 
—0-41 
Hal 47 
—0-14 
— 0°04 
+ 0:87 

17. On August 7 a new series were commenced, the torsion being in this case 

direct ; the following are the results :-— 

Date. 

TABLE III.—Torsion Direct. 

TREVANDRUM OBSERVATORY, BIFILAR WEIGHT. 

Daily Mean. 

Observed Reduced 
Scale reading. | for change. 

19°59 19°59 
15°56 16:90 
14:60 16°61 
14:03 16°71 
16°69 20:04 
11:97 USBF 
10°75 15:44 
8°30 14°33 
9°31 16:01 

10:97 18°34 
11°36 19:40 
10°89 19-60 

Mean 
Temperature, 

_ 

77°86 
78:60 
79-07 
78:10 
77-16 
78:02 
78:57 
79-02 
78:69 
78:03 
7757 
77:87 

Mean Change. 

Scale reading. Scale reading 
reduced. 

—_—— 

— 2°69 
— 0-29 
+0:10 
+3°33 
— 4:25 
— 0:25 
—1:11 
+ 1:68 
+ 2°33 
+1:06 
+ 0:20 

Temperature. 

+ 0°74 
+ 0°47 
— 0:97 
— 0:94 

+ 0°86 

+0:55 

+ 0°45 

— 0°33 

— 0°66 

— 0°46 

+0:30 
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The mean scale reading having changed about 9 sc. div. from the 7th to the 

20th, a correction has been applied after the 7th, for the change supposed regular 

at the rate of 0°67 sc. div. a-day ; the corrected quantities are given in the third 

column. A correction has been allowed for a shock to the instrument on the 

11th, depending on the change at the hour of the shock ; and the change 10th to 

11th is on this account probably inaccurate. This series is, on the whole, con- 

sistent, an increase of temperature being accompanied by a diminution of scale 

reading (or vice versa) on every day with one exception ; the final result is+ 1-0° 

Fahr., equivalent to —2°5 sc. div. This also satisfies the hypothesis. 

18. Perhaps the most curious fact connected with this series of observations 

is, that though the daily mean scale reading increased, torsion retrograde, with 

an increase of temperature, and torsion direct, with a diminution of temperature, 

there was in both cases a strongly and regularly marked hourly variation, whose 

direction was not changed by the direction of the torsion, and whose amount, as 

related to the temperature, was much greater than that obtained from the daily 

means. I shall have to consider this fact at another time: it does not, however, 

depend upon the bifilar suspension. Whatever conclusion we may arrive at with 

reference to the relation of these facts to the direction of torsion, it appears to me 

they are sufficient to prove that any trustworthy temperature coefficient must 

include their causes. 

19. There still remains one considerable objection to the usual method of 

obtaining the temperature coefficient of the bifilar magnetometer; namely, that 

before we can correct the observations we must be certain that we have obtained 

the true value of the scale unit coefficient. Should that be at all inaccurate (as it 

frequently has been when derived from the angle of torsion only), the corrections, 

even by a true temperature coefficient, will be inaccurate. Thus, if , be the scale 

reading from the zero, & the unit, and g the temperature, coefficients, the reduced 

result is 
AX 
x k+t,q: : : : ; : Gy 

where ¢, is the number of degrees Fahr. from the zero. If 7, be the part of m, due 

to change of the earth’s magnetism, and 7, the part due to temperature, 
AX 
x =nk +n, k + tog. ‘ : : ‘ ; (17) 

the last two quantities should destroy each other if & and g be the true coefii- 

cients. If, however, /.>=4+« be the true unit coefficient, then 

nok, = —t%) 

ime mem SS i, toe sole Ugg ag Raaer 

Substituting this value in equation Gris 

AX Cea 
x =n, kK—e@ is t e A 3 : : : (19) 

)) 
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the corrected result, which séz// varies with temperature. Where the scale unit 

coefficient can be accurately determined, this consideration has no value; but 

where we have to deal with observations already made, it is one of much im- 

portance. 

20. Temperature Coefficient.—Several facts, such as those already indicated, 

relatively to the effects of temperature on the parts of the balance magnetometer, 

induced me, in 1842, soon after I received charge of Sir THomMas BrisBANE’s 

Observatory at Makerstoun, to seek some other method of obtaining the tempera- 

ture coefficient in the terms of the scale divisions. This I sought first by arti- 

ficially heating and cooling the room in which the instruments were placed ; but 

the effects of currents of air thus engendered were too considerable to render the 

method satisfactory. I then sought to determine it by comparisons of the read- 

ings at the same hours of different days, when the temperatures were different ; 

I finally employed successfully the daily means, at first from incomplete diurnal 

series of observations in 1842-43. This method, by the formula 

AX q 
os amid +N, + FALy 

gave the result accurately corrected in scale divisions, from which the laws of 

variation could be determined even when ignorant of the value of £.* 

21. When this method was first used by me, I selected periods free from large 

disturbances, and combined the daily means in different periods.t In determining 

the coefficient for the colonial and other observatories, I have thought it prefer- 

able (to avoid any doubt that might arise from such selection as to the character 

of the final results) to obtain the coefficients from the comparisons of all the daily 

means without exception, from the commencement to the end of the periods for 

which observations have been published. In general, each daily mean of scale 

divisions and of temperature has been compared with the succeeding daily 

mean only ; but where the variation of mean temperature from day to day has been 

very small, comparisons with the second, and sometimes with the third day follow- 

ing, have been taken. The following are the discussions for the different bifilars :— 

* I first proposed to Professor James D. Forzzs (in a letter dated 21st November 1842) to 
determine the temperature coefficient from the usual hourly observations. (See Trans, Roy. Soc. 
Md, Vol, XVI. p. 74.) 

P.S.—Since this paper was written, I have received the third volume of the Toronto Observations 
(London 1857), where I am glad to perceive that General Sazinz has followed the principle described 
in the text, for the determination of the temperature coefficient. The mode he has adopted is how- 
ever far from accurate, including as it does irregular annual secular and instrumental changes, with 
too few results to render plus and minus errors equally probable; as a consequence, the coefficient 
obtained by him is still erroneous (1°63 sc. div., whereas I find 1°36 sc, div.), General SaBine 
notices my result for the Makerstoun bifilar (Adjustments, &c., part v., Toronto Observations, 
vol. iii.), but he omits to remark that I had pointed out, twelve years before, the necessity of applying 
the process to all bifilars, and that I had applied it to the very magnet (the Toronto one) under his 
discussion. See Trans, Roy. Soc. Ed., Vol, XVI. p. 77 (20), p. 102 (11), and curves in No. 5, 
Plate IV. 

t See the Introduction to the Makerstoun Observations for 1844 and 1845, where the process 
is described. 
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22. Cape oF Goop Hore, 1841-46.—The series of published observations 

closed June 1846.* The values of g' obtained by myself from the daily mean 

uncorrected scale readings and mean temperatures were as follow :— 

Magnet R. £=0-000180 

TABLE IV.—SuMs oF SUCCESSIVE DIFFERENCES OF DaILy MEAN BIFILAR TEMPERATURE 

(2A ¢) AND SCALE READING (= A R). 

Month. DAC. DIN 185, q'. Month. ZAt 

porn: Oe, Aaa scant oa oe oll a Ee 
1841. Dee. 33:23 52°38 1:58 |1842. Dec. 29°65 

1842, Jan, 29°27 84°31 117 | 1843. Jan. 32°55 

Feb. 34°43 24:73 0°72 Feb. 39°95 

March, 23°14 24°43 1:04 March. 26:23 

April. 33°31 46:16 1:39 April. 

May. 18°81 19-10 1:02 May. 18:60 

June. 27°56 36°88 1:34 June. 35°41 

July. 25°41 44-48 1-75 July. 29°38 

Aug. 20:18 13°69 0-68 Aug. 43°60 

Sept. 16:99 9-52 0-56 Sept. 28°30 

Oct. 39°70 50°65 1-28 Oct. 33:01 

Noy. 26:48 27:44 1:04 Nov. Readjusted. 

igh als Us Wie besos tx oer ee alt lpeel at le let, oe! Loreal 13) [et be 

The resulting value is 

, 2AR, 763:34 
JUS At. 646-14 

= 1/183 sc. div. ; mean temperature, 63°6. 

As the magnet was removed for temperature experiments in April 1843, the 

value of q after the readjustment may be determined apart. We find for May 

to October 1848, 
ty 228-06 

7 = 788-30 
= 1:185 scale divisions. 

23. It should be repeated here, that the extent of agreement or disagreement 

in the partial results for g’ given in the above table, is not to be considered as 
deciding the accuracy of this method, since the variation of these partial results 
is chiefly due to days of great magnetic disturbance, and no day has been rejected, 
however great its irregularity, in these calculations. These partial results give 
the probable error of the final value of ¢ to be, 0:05 sc. div.; or g’ = 1-183 scale 
divisions, with a probable error of 0°05 sc. div. 

* Magnetic Observations, Cape of Good Hope, vol. i., printed under the superintendence of 
Lieut.-Colonel H. Sanine. 
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Whence, since 
k = 0:000180, 

qk = [q] = 0:0002138. 

The value of g determined by hot water experiments was found for the magnet R, 

g = 0:000258 at the temperature of 48° 
q = 0000804 r 77° 

the value of g varying apparently with the temperature, as occurs with some 

bars. The value of g at the mean temperature of the bar for the months in 

Table IV. is 
gq = 0:000290 at the mean temperature of 63°6 ; 

whence [q] = 0°734 q. 

The same value of g' (=1-:18) has been employed by me (for the discussions given 

in another paper) in the corrections for all temperatures. 

24. November 1843 to September 1844.—New adjustment of magnet R, 

k = 0:00035. 

TABLE V.—SUMS OF SUCCESSIVE DIFFERENCES OF DAILY MEANS. 

Month. ZAt. ZAR. qi Month. ZAt. ZAR. 

arantunk rae Se. div. &é Se. div. 

1843. Noy. 27°74 11°83 0:43 1844. May. 24°87 17:01 

Dec. 32:24 21-01 0°65 June. 25°55 12-11 

1844. Jan. 33°75 17:12 0°51 July. 24-41 14:15 

Feb. 83'54 27:07 0°81 ‘Aug, 22°71 15:07 

March. 28°84 18°42 0:64 Sept. 25°74 13°54 

April. 31:12 14°89 0°48 Oct. New | Magnet | C. 

The resulting value, the mean temperature of the bar being 67°, is 

ZAR 182:22 } 
Shs ee ST 0°587 sc. div., 

with a probable error of 0°03 sc. div. Whence, 

[q] = 0:000205 ; 

and since, q = 0:000287 at the temperature of 67° 
[q] = 0714 ¢. 

As it is quite possible that the temperature coefficient for the same bar might be 

different for / = 0:00018 and & = 0-00035, the coefficient 9’ = 0-587 sc. div., has 

been employed by me from November 1848 to September 1844. It is rendered 

probable by the near agreement of the values of [q] in these two adjustments, 

that the difference from the value of g is not due to error of the coefficient £. 

25. November 1844 to June 1846.—Magnet C,, new adjustment, 

k = 0:00022. 
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TABLE V1.—Sums or DirFERENCES OF BIFILAR DAILY MEANS. 

eS —— 

1844, Nov. 34:46 | 13:79 | 0:40 |1845. Sept. 19°41 512 | 0-26 
Dee. 38:03 | 21-01 | 0-55 Oct. 32:39 | 7:55 | 0-23 

1845. 

The final value is 

,_ 256-75 
== = 0°438 se. div., with a probable error of 0°04 sc. div.; © 1 ~ 586-24 P 

whence, since 

k = 0:00022 
[9g] = 0-000096 

By water experiments, 
q = 0:000220 

Therefore, 

[q] = 0°484 gq. 

26. St HELENA, 1842-43.—The series of published observations in my pos- 

session extends till December 1843.* As the daily differences of temperature 

are small, the sums for each two months of the same name in 1842-43 are given; 

and as the majority of the daily differences of temperature were under half a 

degree Fahr., the sums were also taken for those days only for which the mean 

temperature of the following day differed half a degree or more. The results by 

both methods are given in the following Table :— 

* Printed under the superintendence of Lieut.-Colonel E. SaBrne, 
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TABLE VII.—Sums or DIFFERENCES OF BIFILAR DAILY MEANS at St HELENA 

FOR BACH Monta, 1842-48. 

Neen Pern. All. Above 0°5 Fahr. 
Months, 1842-43. perature 

of Bifilar. At. ZAR. ZAR. qV 

oo 4 Se. div. Se. div. | Sc. div. 
January, . 67:6 22°50 46°37 22:54 1-41 

February, . 69-4 21:92 33°65 19:38 Wilt? 

larch, ~. -. 69°8 26°49 47-11 32°38 1:54 

ys a 68-7 20-91 1:22 8°32 0:59 

May,  *. 66:1 23°82 17:63 13:98 0:86 

ounce, % . 62:5 25°45 21:04 14:09 0:76 

Daly 60°8 25:08 ,—14:31 6°80 0°36 

pugust, . . . 60-6 24°63 13-79 15°63 0:88 

September, . 60°7 24°89 26°72 18°81 1:05 

October, 61:3 21°36 | 38°67 16°46 1:29 

November, . 63°3 23°01 29-17 15°65 1:06 

December, . 65:2 27°57 33°02 26-06 1:13 

The resulting values are :— 

From all, 1842, q’= Lies = 0-980 scale divisions. 

1843, g’= aoe T-066...,, 

Both years, q’= ee 1-02 

From all above 0°°5 Fahr, 1842, g’= He == 046.0... 

1843, ¢’= ae = 0-980 ... 

Both years, diasarcn = 1-018 se, div.; probable error = 0-071. 

27. An examination of the values of ¢’ for the different months seems to show 

a variation with the season; the variation is shown also in the results for the 

separate years. If we discuss the quantities in the last column of Table VII. by 
the method of least squares with reference to the mean temperatures of the bifilar, 

we find the probable variation of g’ for 1° Fahr. to be 0:0371 sc. div.; or if ¢ be 
the temperature of the bifilar, that we may put, 

q' = 0°84 + (t—60) 0-0371. 
Therefore at the mean temperature of bifilar 65° 

q/=1-02 se. div., with a probable error of 0:06 sc. div. 

The coefficient for the temperature variation of gq’ is very large, probably three 

times greater than has ever been found by water experiments for any magnet: 
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while it is pointed out that the series is not sufficiently good to give this result 

for the variation of g’ a great value, it should not be forgotten that the rocks 

forming St Helena are of a highly magnetic nature, and that their magnetic force 
varies with the temperature.* 

28. The coefficient g’= 1:02 has been employed by me throughout. When 

k=0:000189, we find 
[7]=0-000193. 

The value of g was found by water experiments between the ten of 

60° to 90° Fahr. to be 
q = 0:000276. 

I am not certain that this includes the coefficient for the expansion of the wires, 

but it is suggested} that, on account of the variation of g with temperature, the 

true value might be more nearly 
q=0-000260. 

The value employed in the corrections of the fortnightly means in the ‘‘St Helena 

Observations” t seems to have varied; in 1842 and 1843 it was 1-47 sc. div. 

(=0:000278); in 1844 it was about 1-12 sc. div. =0-000213; and in 1845. about 

1-29 sc. div. = 0.000245. Assuming the value by water experiments = 0:000260, 

we have 
[qg]=0°742 gq. 

29. Hosarton, 1842-48.—The continuous observations (without weekly 

adjustments) commenced April 1842, and the observations in my possession 
terminate with September 1848.§ The torsion circle was turned Ist April 1846, 

causing a change of the coefficient 4, and therefore of g’. The following are the 

results :— 
174. April 1842 to June 18438. k=0-000120. 

TABLE VIII.—Sums or DIFFERENCES OF BIFILAR DAILY MEANS AT HOBARTON. 

Month. 

" , _ Se. div. 
1842, April : : 1842, Dec. 58°33 | 103-14 

May : : ; 1843, Jan. 60°46 |. 97-44 

June p . 32 Feb. 65°69 95-58 

July : 4 : Mar. 65:59 | 108-00 

Aug. ° : ; April 72°44 | 111-49 

Sept. ; 6 May 45°84 | 58-90 
Oct. ° : : June 17-65 18:62 

Nov. : : Readjustment. 

* At least I have found this to be the case with magnetic rocks in South India. 
+ Adjustments, &c., ‘‘ St Helena Observations,” vol. i., p. 34. 4 
t Ibid. p. 35. ‘This Table has some inaccuracies. The coeflicient varies, and the temperature 

rao is not always 60°, as stated. 
§ Hobarton Observations, vols. i., il, and iii., printed under the superintendence of Lieut 

Colonel E. SaBine. 
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The final result is, 
,_2AR_ 1275-74 

| SA oF 639-01 
=1'520 se. div. ; with a probable error of 0-049 sc. div. 

[7]=0-000182 
By water experiments, 

Whence 

q=0:000234 

[q]=0-778 g. 
30. In order to render the following determinations comparable, the sums of 

scale readings after 1st April 1846 have been multiplied by 0-948 to reduce them 

to the value of & before that date. 

August 1843 to March 1846, k=0:000229 
April 1846 to September 1848, &=0:000217 

TABLE IX.—Sums or DIFFERENCES OF BIFILAR DAILY MEANS AT HOBARTON, 

Avucust 1843 TO SEPTEMBER 1848. 

Month. Month. 

1843 1845 . Se. div. | Se. div.| 1847 > | Se. div. | Se. div. 
Jan. Agé ae 3b Jan. | 54°66 | 26:93 | 0°49 | Jan. | 38°58 | 18:90; 0:49 

Feb. Ene ade ene Feb. | 35:16 | 29-51 | 0°81 | Feb. | 38°94 | 18:36; 0-47 
Mar. oe Bag ae Mar. | 40°35 | 26:02 | 0:64 | Mar. | 48°30 | 40:00} 0-82 
PepTIN |) os. ahs ... | April |40°71 | 44:43 | 1:09 | April | 35°10 | 29:23} 0:83 
May biare dee .. | May | 37-21 | 21-66 | 0°58 | May | 35°64 | 17-52) 0-50 
June ant a ... | June |34:30 | 29:96 | 0:87 | June | 23-20 | 16-57| 0°71 

3M ae ae July (38:50 | 32°66:| 0°92 | July | 26:51 | 21:88) 0°82 
Aug. | 42:94 |30:80 | 0°71 | Aug. | 2°:26 | 24-09 | 0-88 | Aug. | 83:29 | 21:98; 0-66 
Sept. | 89°21 | 31:20 | 0°80 | Sept. |42°44 | 21-61 | 0°51 | Sept. | 40-00 | 34:04) 085 
Oct. | 58:25 | 37:33 | 0-64 | Oct. | 55°73 | 43°35 | 0-78 | Oct. | 39-79 | 34:48) -86 
Noy. | 42°72 | 32:99 | 0:77 | Nov. |54°86 | 45:47 | 0-83] Nov. | 38°87 | 18:95| 0-48 
Dec. | 38:21 | 25:44 | 0-67 | Dec. | 39:99 (37-15 | 0:93 | Dec. | 50-77 |—0-74 |—0-02 

1844 1846 1848 
Jan. | 49°27 | 30-22) 0-61 | Jan. | 52°77 |41-39-| 0-78 | Jan. | 54-93 | 38°91| 0-71 
Feb. | 48:08 | 31:68 | 0:66 | Feb. | 51:57 | 48°70 | 0:94] Feb. | 50-99 | 82-11] 0-63 
Mar. | 58°21 | 45-11 | 0°85 | Mar. | 52:54 |66-25-| 1:26 | Mar. | 40-52 | 32:27) 0:80 
April | 40°05 | 27-43 | 0-68 | April | 39:98 | 32°45 | 0-81 | April | 58-25 | 23°35) 0-40 
May | 38°65 |29°17 | 0°75 | May | 31:96 | 12-48 | 0:39 |} May | 27-38 | 19°15; 0-70 
June | 27:46 |21-61 | 0:79 | June | 30°82 | 22-36 | 0:73 | June | 23:83 | 12°25| 0-51 
July | 29°56 | 22-05 | 0-75 | July | 20°94 | 7-87 | 0:38 | July | 22-69 | 5:56} 0:25 
Aug. | 21:13 |11:38 | 0°54 | Aug. | 34°41 | 28-01 | 0-82 | Aug. | 21:12 | 27:94) 1:38 
Sept. | 25:53 | 20:44 | 0°80 | Sept. | 42-58 | 30-40 | 0-71 | Sept. | 26-69 | 16:09} 0°44 
Oct, (37:28 | 28°71 | 0-77 | Oct. | 51-58 | 26°77 | 0-52 tase mee 

Nov. | 40:97 | 18-64 | 0:45 | Nov. |42'58 | 31:09 | 0°73 
27°15 

The final result is— 
For k=0:000229 

=0°692 se. div.; probable error, 0:017. 

For k=0:000217 

q' =0°730 sc. div. 

[g] = 0000158, 

,3aR _ 1708-11 
~3At 2462-27 
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By water experiments, 

q=0-000230 
Therefore, 

[q]=0-689 g. 

31. The quantities in Table IX. have been combined into periods of twelve 

months, and the following results obtained :— . 

1843, August—1844, July. g’=0°72 sc. div. at fea error =0-02 sc. div. 
44.4 Ub o-«\ /2B45, (5 =080 ... = 0-04 
iis, 1846, 066m ass, ctort, SerbtorienlwOs 
1847, ... 1848,Sept. =0-59 ... i, ae O06 

32. The sums having been arranged according to the months, the following 

are the results, each being a mean of jive, excepting those for August and Sep- 

tember, which are the mean of six months :— 

TABLE X.—Sums or DIFFERENCES OF BIFILAR MEANS FOR BACH MONTH. 

Mean Tem- 
perature of 

Boneh, Bifilar. 

Probable 
Error. 

| pa a ESS 

January, . . . - . . 63°90 
February, . ; : < . : 62:92 
March, ‘ ; : : , : 61°63 
April, : ; , : A ‘ 57°60 
May, : ‘ : 5 . : 53°19 
June, : : ; i j ; 49:36 
July, ‘ F : F ; : 47°73 
August, . . : , , ‘ 49°31 
September, . : ; ‘ : ‘ 52°44 
October, . : ‘ : . ; 55°77 
November, . ad ; : z ; 59-04 
December, . 62°96 

These values have been discussed by least squares, to determine if g’ varies 

with ¢ the temperature ; and the coefficient for +1° Fahr. was found = —0:004 

sc. div., or nearly zero; but the partial values of g’ are too irregular to give the 

conclusion any great weight. The irregularities in the value of g’ can be traced 

in general to large disturbances. 

33. TREVANDRUM, 1842-45.*—The observations discussed include the years 

1842-45 only. The results are as follows :— 

1842, Magnet No. 3, k = 0-:000135. 

* Observations in manuscript. 
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TABLE XI.—SuMs oF DIFFERENCES OF BIFILAR DaiLy MEANs AT TREVANDRUM, 1842. 

Month. ZAt ZAR q’ Month, ZAt 

6 Se. div. Sc. div. a 

January,. .| 16:83 42:0 2°50 SUEY ore peng’ li, See 
February,. . 15-43 35°3 2°29 August, ..... 18°31 
March, . .| 18954 13:2 0-71 September, . | 15-29 
mpc. 4 . | 17-51 34:1 1:95 October, . .j| 22°89 
ev ss «3 |p red'O2 35'8 1:21 November, ./| 16°62 
Sune, . .*. 22:64 ny i 078 December, . 20-59 

ZAR q7 

Se. div. Se. div. 

50:2 2°32 

32°9 1:80 

22-0 1:44 

48-0 2°10 

12-7. 0:76 

27-0 1:31 

The partial results are very irregular, on account of the smallness of the dif- 

ferences of temperature. ‘The final result is,— 

q' = 1°57 sc. div., with a probable error of 0°15 sc. div. 

When the differences of the daily mean readings, which were corrected for 

temperature and exceeded five scale divisions, were rejected, as well as all the 

differences corresponding to differences of temperature under 0°5 Fahr., the 

result was found,— 
gq = 1°56 se. div. ; 

whence 
[gq] = 0-000212, 

By water experiments, 
q = 0:000253. 

Therefore, 
[q’] = 0-838 g, 

34. Bar, No. 5. 
January 2, 1843, to April 25, 1843, k = 0-000149, 
May 2, 1843, to March 30, 1844, & = 0:000141. 

as 1846, k = 0-000144. April 1, 1844, to 

In the following table, the sums of readings have all been reduced to the value 

of k=0:000144. 

TABLE XII.—Sums or DIFFERENCES OF BIFILAR DAILY MEANS AT TREVANDRUM, 1843-45. 

1843. 1844, 

Months. 

Sannary; .°. ° » |18 29 
Pepruary, . . . .| 970 
meen, . . . . 1/1626 
pope, ew ww ns | 2465 
Stee is = ys 5402 
eer ee ST 
ieee: 6 | BEG 
maenst, .  » ». . plop 
September,. . . . | 10°74 
October, . . . . | 20°47 
mvovember,. . .' . | 19°07 
December, . 

VOL. XXII. PART III. 
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The final results are, 

1843. q’ = 2°25 sc. div.; probable error = 0-11 sc. div. 
ZAt 234-94 

ey = i z = 0-15 

1845. gq’ = a eT by | is =018 ,, 

All, 
, ZAR 1410-00 
ae TAt 649:50 2A ” 7 0:09 re 

whence, 

[q]=  0:000812 

In 1843 I found by water experiments, 
gr 0:000347. 

Therefore, 

35. SincaporE, 1842-45.* The changes of daily mean temperature by the 

bifilar thermometer were so small, that differences for the Ist, 2d, and 3d suc- 

ceeding days were taken for the temperature coefficient. The following table 

contains the sums of all the differences taken three times for each of the years 

1842, 1843, 1844, and 1845. 
; 198. k= 00001946. 

TABLE XIII.—Sums or DIFFERENCES OF BrFILAR Daity Means. SINGAPORE, 1842-45. 

Month. 

—— - _—— 

January, . . July, . 

February, . August, 

March; vrei September, 

April. 9. os October, . 

May, eae. November, 

Jue, Pale wee December, 

The values of 
,. 2AR : 
Boh ea for the different years are :— 

1842. q’ ee = 0°68 se. div.; probable error = 0-17 sc. div. 

1843, ¢ =e = 064 »  CsOl4 y 
pe AIMS 

1844. qI= “5387-2 = 0°89 Yt) 9 = OslD » 

* Observations in manuscript and printed, but not published. 
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395-0 : 
1845. g= 5505 = 0°67 sc. div.; probable error = 0-09 se. div. 

The value resulting from Table XIII. is, 
1624:8 : 

gi 53133 = 0:702 se, div.; probable error =0-04 se, div. ; 

whence, 

[9] = 0-0001366. 
By hot-water experiments it was found 

1841, June, g = 0:0002686 
1841, October g = 00001667 

By applying hot sand under the suspended magnet, 
gq = 0:0002072 

The value adopted was, 
gq = 0:000214 

Therefore, 

[q] = 0-638 g. 

36. Toronto, 1842-45. The observations in 1843 till November have not been 
used in this determination, on account of a derangement of the bifilar wires.* The 

following are the results obtained :— 

1842 to 1843, February 10. & = 0:0000743. 

TABLE XIV.—Sums of DIFFERENCES OF BIFILAR MEANS. Toronto, 1842. 

Month. > At. f Month. 

DN ey — 

January, . 76-55 July, . 

February, . 72°72 August, . 

March, . . 62°77 September, . 

mpril, . . 71:46 October, . 

i 48:46 November, . 

Oune,- . . 37°83 December, . 

The final result is, 

1609-80 
= “5566 = 2°53 se, div. ;t probable error = 0:08 sc. div. ; 

whence 
[q] = 0:000188. 

* Toronto Observations, 1842-43, vols. i. and ii., printed under the superintendence of Lieu- 
tenant-Colonel E. Sain. 

+ The value employed by me in 1845, to correct the Toronto bifilar observations for the annual 
law, was obtained from a few groups of days (the sums of differences of temperature being 117°), 
and was q’ = 2-55 sc. div., almost identical with that here obtained from the whole year. 
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By water experiments in 
1843, g = 0-000260 
1849, g = 0:000234 

The latter value should be preferred, having been made with more care, though 

it is a question whether the temperature coefficient is constant. We have then, 

adopting the value of g = 0:000234, 

[q] = 0°804 g. 

37. November 1843 to December 1845, 4 = 0:000087. 

TABLE XV.—SuMS OF DIFFHRENCES OF BIFILAR MBANS. Toronto, 1844-45. 

Month. ZAt. ZAR. q Month, ZAt. | ZAR. q 

. : Bera. eReatnehlh ues rey on, Se. div... aqaull 
1843. Nov. 57°12 83:03 1:45 | 1844, Dec. 49:01 54°35 #11 

Dec. 47-59 64°48 1:35 | 1845. Jan. 71:29 98°70 1:38 

1844. Jan. 83:19 86:37 1:04 Feb. 63°68 63°40 1:00 

Feb. 54:19 78°87 1:46 March 48:18 53°38 1 | 

March 60°59 20°28 0°33 Apvil 54°34 84:04 1°55 

April 66°64 67:50 1-01 May 82°21 | Ta Toy 1:43 

May 59°30 97°93 1°65 June 56°78 68:90 1-20 

June 43°27 64:93 1:50 July 59°37 61:05 1:03 

July 41-38 | 47-25 | 1-14 Aug. | 41-74 | 67-68 | 1-62 
Aug. 40°38 57°70 1-42 Sept. 43:84 | 81-41 1:86 

Sept. 39°28 75°82 1:93 Oct. 58:94 84:00 1-43] 

Oct. 58°73 85°84 1:46 Nov. 48-52 58°16 1:20 

Nov. 51:14 | 136-78 2°67 Dec. 67°15 69°61 1:04 

The final results are, 

873°62 : : 
1844. g= 6705 = 1-350 se, div.; probable error = 0°10 sc. div, 

,__ 907:90 : 
1845. q= 696-04 = 1:304 ” 39 = 0:06 9 

1929-03 
26 months q= 1447-80 => 1 33 33 ” = 0 05 ” 

Therefore, 

[g]= 0-000116 

By water experiments, last determination, 

i= 0-000234 

and: 
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The low value of g' obtained in this case, compared with that by water experi- 

ments, resembles the value obtained for the magnet C, at the Cape (§ 25), and 

both, it seems to me, indicate some derangement of the wires. 

38. P.S.—I have discussed the observations made in 1846, 1847, and till June 

30, 1848 (Toronto Obs., vol. iii., received since this paper was written), for the 

temperature coefficient: the observations for 1846 gave g’ = 1:355 scale divisions, 

but those for 1847 and 1848 were so vitiated by large disturbances (in some cases 

the daily differences being upwards .of 100 scale divisions), that they were evi- 

dently unfitted for a good determination ; and some mode of rejecting the larger 

disturbances was desirable. In order, however, that the same rule should be 

followed throughout, the differences which after correction for temperature (by 

g = 1:33 scale divisions) were found to exceed 10 scale divisions, were rejected 

in all cases from November 1843 to June 1848. The following are the results :— 

1844, q’= — = 1-254 sc. div.; prob. error =0:081 sc. div.; diffs, rejected = 2-7 per cent. 

1845. q/= saan =1-354 _..,, ,  S0-088" ,. 4, = 20 , 

790-83 1846. f= 7 =1263_,, sf TE -., 7 Gd hak 

1847. q— ae aa oS 29 ” =0:077 Ty 29 == 12-0 ” 

93% 
[1848]. = a SSS 1Gi0g; a = 0:05499 ;, Ma Soo as 

If we weight these results by the inverse squares of the probable errors, we obtain 

¢g = 1°378 sc. div.; but we obtain the most probable result by taking the sums 

of differences for the whole period, or 

,_ 4007-90 
1 = 9948-80 

This differs only 0:03 sc. div. from the result obtained for 1844 and 1845. 

There appears, however, to be an increase in the value of ¢ for 1847 and 1848, 

but whether this is a real increase (which is quite possible, if the value depends 

on the condition of the wires) would require a more careful discussion to deter- 

mine. ‘The daily means vary so similarly at all the stations that it only requires 

for such a discussion to have one station accurately corrected (or to take a station 

within the tropics where the temperature variations are small), when, by sub- 

tracting the corrected daily mean scale readings reduced to a common unit (re- 

jecting days of large disturbance) from those for the station whose temperature 

coefficient is required, the remainders will depend almost entirely on the differ- 
ences of temperature for the bifilar in question. 

= 1°359 sc. div.; probable error = 0:029 sc. div. 

* This includes the six months of 1848, and the two months of 1843. 
t Six months of 1848 only, no differences having been rejected in November and Decem- 

ber 1843. 
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39. The following table contains the final results for each bifilar. An exami- 

nation of it will show, that the true temperature coefficient is on an average only 

seven-tenths (5) of that previously obtained from experiments in water of different 

temperatures, and that in some cases the former is only one-half of the latter. 

TABLE XVI.—VALUES OF THE BIFILAR TEMPERATURE COEFFICIENT g AS OBTAINED 

FROM COMPARISONS OF THE DAILY MEANS, AND FROM EXPERIMENTS IN WATER AT 

DIFFERENT TEMPERATURES. 

caeticiee Coefficient ‘ 

Observatory. Magnet.| Period Discussed. “Means Proust k qk = (q). Allee ay. Remarks. 

ae Ments,¢-0 | 1g : 
k 

ea ies Se. Div. Se. Diy. De + lea ep | Soe Se vn 

Makerstoun, .. | 1843-45 1:90 ...  |0:000140| 0:000266| 0:000304| 0:875 
Dec. 1841 ‘ ; ; ; : ; q and q’ for {Oct, i843 }| 1283 | 0:05 0000180] 0-000213|o-000290 ova |{ 2 LZ 

Cape of Good Nov. 1843 : : ; ; : : q and q’ for 
Bos { Ost. igde \ 0-587 0:03 |0-00035 | 0:000205) 0:000287| 0-714 { tee 

’ Noy. 1844 : : é ai : ‘ CG, { Tune 1846 \ 0:438 0:04 | 0:00022 | 0:000096) 0:000220| 0:484 

St Helena, . 1842-43 1:92 0:06 | 0:000189/ 0:000193) 0:000260, 0-742 {f ae ion 
( April 1842 7 . ; : : d a } { Tears \ 1-520 0:05 | 0:000120) 0:000182/ 0:000234| 0-778 

oparton ; Aug. 1843 ' { Sept. 1848 \ 0-692 0:02 | 0:000229) 0:000158) 0000230] 0:689 

ee No. 3 1842 1°56 0:15 | 0:000135) 0000212) 0-000253) 0:838 
Fe EN. 3) (4 esB-45 217 0:09 | 0000144! 0000312! 0:000347 0-899 

Singapore,. .| ... 1842-45 0-70 0:04 | 0:000195] 0:000137| 0000214} 0-638 
1842 2:53 0:08 | 0:000074| 0:000188) 0:000260| 0-723 

Toronto, . Nov. 1843 : : ; : ; F : j sf { ia ie \ 1:36 0:03 | 0:000087/ 0:000118! 0:000234| 0-500 

40. Remaining and Accidental Errors.—I shall notice briefly, in conclusion, 

the other sources of error to which the instrument is liable. 

1st, In suspending the magnet, the wires are apt to receive a twist or kinch; 

as the wire gradually takes the set, the scale readings change, indicating an in- 

crease of horizontal force if the twist has been with the torsion (v), and a dimi- 

nution of force if the twist has been in the opposite direction. An example of 

this is to be seem in the “ Makerstoun Observations,” between June and Septem- 
ber 1841. 

2d, From the wires lying on the szde of the screw threads instead of in the 

hollow. An example of this (if not of the 1s¢) is to be found in the observations 

made at Toronto, when the force appeared to increase ;th of its whole value be- 

tween February 24 and October 9, 1848. 

3d, rom sudden shocks, including those due to concussions of the air by 

thunder- claps and sudden slamming of doors. Examples of both of these were 

observed at the Observatory on the Agustier Mountain in Travancore. 
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4th, From ill-closed boxes, currents of air, and entry of spiders. Examples 

of these are unfortunately not wanting. 

5th, From the thermometer within the box not showing the true temperature 

of the magnet. The error due to this cause may be great; and it is considerable 

in observatories where stoves have been used, and where there are necessarily 

sudden changes of temperature. 

6th, From the copper ring used as a quieter, which has sometimes changed 

its position, and which has a variable effect in different positions of the magnet. 

7th, From the shifting of the telescope on its pillar. 

8th, From the approach of magnets, or articles containing iron. 

All these, and other sources of error, have to be cared for, and the corrections 

to be applied, wherever the errors exist, if it is wished to give the observations 

any real scientific value. 
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XX1I.— Fragmentary Notes on the Generative Organs of some Cartilaginous Fishes. 

By Joun Davy, M.D., F.R.S. Lond. and Edin., &e. (Plate XXII.) 

(Read 7th January 1861. 

These notes have been made at different intervals of time, and in different 

places,—some, and the majority of them, in Malta, in 1832-33,—some at Con- 

stantinople in 1839-40, and a few at a still earlier period, viz. in 1816, when on 

a voyage to Ceylon. 

Imperfect and brief as many of them are, I am induced to submit them to the 

Society, thinking they may be of some use as conveying the results of unbiassed 

observation, and that, as such, they may prove a small contribution to a difficult 

branch of icthyology,—difficult, not indeed so much from the nature of the sub- 

ject as from the comparatively few opportunities enjoyed by naturalists of obtain- 

ing specimens. 

In accordance with the heading, I may premise that, in the details to be given, 

I shall do little more than transcribe the account of the particulars observed, and 

nearly in the words employed at the time of noting them down,—and this, though 

the terms may not always be of the most approved and correct kind. 

The only general remarks I shall have to offer will be a few in conclusion. 

1. Of the Squalus Squatina.—The notes I have on this fish were all made in 

Malta. The subjects of them were two females in a gravid state, and the gene- 

rative organs detached of other eight, which were procured from the fishmarket 

of Valetta,—the Squatina being a fish there in some request amongst the lower 

classes as an article of diet. 1 shall give them nearly in the order in which they 
were made, submitting a brief notice of the organs in question, conveying the 
idea I have been able to form of their general structure. 

In most respects they are very similar to the same organs in the torpedo.* 

Like them, they may be said to consist chiefly of three parts: the ovaries, situ- 

ated high up above the liver; of oviducts, with a common infundibulum; and 

of two uterine cavities, expansions as it were of the oviducts. Each oviduct has 

two glandular bodies, one above the other, not unlike the one belonging to the 

oviduct of the torpedo, but somewhat larger, and its transverse striz more 

strongly marked. The uterine cavities differ from those of the torpedo, in being 
smooth and entirely destitute of villi. During gestation they seem to be virtually 

closed, so that though a probe can be passed, both in the direction of the ovaries 

. * See Physiol. and Anat. Res,, vol. i. p. 55, for an account of these organs. 
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upwards, and in that of the cloaca downwards, yet they are capable of holding a 

fluid, of which a certain quantity has always been found present, associated with 

the contained ova and their embryos. ‘These cavities, at least in the early period 

of gestation, have been found to communicate with the cloaca by two openings 

close to the papilla, in which is the common passage from two urinary bladders. 

Whether these openings do not become one at a more advanced period, I am 

doubtful. The figures in Plate XXII., from rude sketches with the pen made 

from nature, will help to give some idea of the several parts.* 

The first specimen examined was procured on the 30th August. Each uterine 

cavity was found to contain two ova with an embryo attached to each by an um- 

bilical cord,+ in the midst of much transparent colourless fluid, without any traces 

of a common enveloping membrane. The ova were large; each weighed about 2: oz. 

They consisted entirely of yolk, and, like those of the torpedo, they had two mem- 

branes, one internal, very delicate and transparent, of little more consistence than 

that of the albumen ovi of the fowl, but thickening towards and in the cord, the 

other internal and vascular. The embryos were all small, and of about the same 

size.| The branchial filaments were very short, and of a bright red colour; the 

eyes large and projecting; the mouth and gullet very large; the stomach very 

small; the intestine large and empty; the liver large. 

On the 31st of the same month another specimen was procured. Three ova, 

with embryos, were found in one uterine cavity; two in the other. They were 

nearly in the same stage of development as the preceding. One egg with its 

embryo weighed 33 oz.; the embryo, 22 grs.; another embryo, 17 grs. The 

former measured 1°7th inch in length, -45 inch in width. Some yolk was 

found in its intestine. The branchial filaments of both were about the same 

length as the preceding. The other eggs were not weighed; their membranes 

were so delicate that they broke in the attempt. The oviducts entire, including 

the uterine cavities and their contents, weighed 223 oz.; emptied of their con- 

tents their weight was 12 oz. and 29 grs. Now, supposing the weight of all 

the five eggs to be nearly the same, the weight of the fluid in both cavities would 

be about 41 0z. The cavities differed from the preceding, in being distinctly 

vascular. 

On the 12th September, a female fish was examined that weighed 6 lbs. An 

embryo was found in each uterine cavity, and attached to one of the ovaries a 

* Fig. 1. The oviducts expanding into a uterine cavity. Fig. 8. Kidney and urinary bladders. 
+ I use this term for the sake of convenience in its ordinary sense, and not being aware of any 

sufficient reason for discontinuing it, seeing that it performs the same part as the umbilical cord in the 

mammalia, connecting the embryo with its source of nourishment: moreover, a mark remains of it, 

denoted by a depression, after its removal by absorption, which may be called an umbilicus. This 

at least I have seen in the young torpedo.—See my “ Researches Physiol. and Anat.,” plate vii. fig. L., 
in which it is shown. 

t See Plate XXII, fig. 2. 
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large egg. Its membranes had been broken; but from what remained, it might 

be inferred to be of its full, or nearly full size, and ready, or nearly so, to be de- 

tached, and to pass into the infundibulum. Many small ova were contained in 

the ovaries. Both embryos were very small, with short branchial filaments. 

Some small tortuous vessels, conveying fluid blood, were seen on the inner surface 

of the uterine cavities. 

On the 13th September another specimen was obtained. In each uterine 

cavity were two ova, with an embryo attached to each. One egg weighed 44 oz. 

and 40 grs.; the embryo 28 grs. An egg from the other cavity weighed 4 oz. 

5drs.; the embryo 26 grs.: the other egg 43 oz. 40 grs.; its embryo 30 ers. This 

embryo was 2} inches in length. Its branchize were beginning to be covered; its 

branchial filaments were red, and very short. No yolk-substance was found in 

its intestine. 

On the 30th September, a specimen then procured contained an unusual 

number of ova, four in one cavity, three in the other. The eggs weighed, with 

their embryos attached, and the latter, after their separation, gave the following 

results :— 

Eggs and Embryo. Embryo. 

Oz. ~~ Dr. Dr. Gr. 

1 3 5 1 46 

2 3 5 1 57 
3 BE RNGe Tt OMG 
4 pdb lay ew 7 
1 dio a6k Pride 
2 3 34 1 50 

3 3 6 1 55 

Four of the embryos were females, three were males. In most of them the 

branchize were no longer naked, and the branchial filaments had disappeared. 

Put into fresh water, some of them showed signs of life—a movement of their 

gills was perceived. The internal yolk-membrane was stronger than that of any 

of the preceding at an earlier stage, allowing the egg to be lifted without break- 

ing, the thickness increasing towards the end. The internal membrane was 

beautifully vascular. There appeared to be two orders of vessels, their branches 

anastomosing, one conveying a brighter blood than the other; the vessels convey- 

ing the former smaller than those conveying the latter. The intestine of two 

embryos was examined; a little greenish matter, but no yolk, was found in it; 

yet, using the blowpipe, air passed pretty freely into it through the vitello-intes- 

tinal canal. The gills were similar to the preceding. The brain was distinctly 

formed; the kidneys were comparatively large; all the fins were distinct. The 

quantity of fluid in the uterine cavity was considerable. 

In a specimen procured on the 2d November, an embryo was found in each 

uterine cavity. The ovum of one was broken ; the other, which was entire, 
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weighed, with its embryo, 3 oz. 6§ drs.; the weight of the embryo detached was 

3 drs. and 11 grs. The gills were no longer naked, and they were without 

filaments ; one embryo was opened. The substance of the egg was found pass- 

ing into the intestine though a straight canal. The intestine was distended with 

a greenish matter, coloured by bile. The ovum presented a beautiful vascular 

appearance. 

On the 9th of the same month another specimen was obtained. Two ova, with 

their embryos, were found in one uterine cavity, one only in the other. All the 

eggs were broken but one. It, with its embryo, weighed 3 oz. 3} drs.; the 

embryo alone weighed 1 dr. The branchial filaments were short, but distinct. 

The stomach was very small and empty. A little greenish matter was found in 

the intestine. A considerable quantity of fluid, as usual, was found in each 

uterine cavity, and of its ordinary appearance, clear and transparent, and 

colourless, and slightly saline to the taste; a portion of it evaporated yielded a 

considerable quantity of coagulated albumen; washed with alcohol, the solution 

obtained slowly evaporated, frothed at a temperature considerably below the 

boiling point, giving the idea of the presence of urea. When evaporated to a 

moderate degree of consistence, a drop of strong nitric acid was added, an imme- 

diate formation of white matter took place: this at the time I supposed to be 

nitrate of urea, as it dissolved on the addition of a little water, and as, when 

evaporated in its turn, a solid matter appeared in minute white scales, here and 

there giving off gas from decomposition: with these scales were intermixed a few 

minute prismatic crystals. 

On the 8th February, the last specimen of which I have to make mention was 

obtained. ‘This was a fish of about two feet in length. The oviducts, with the 

uterine cavities, formed a complete circle. The uterine cavities were thin, dis- 

tended, and vascular, and were lined with much thick mucus or mucus-like 

matter. They contained each a single foetus. Each foetus was about six inches 

long, and appeared pretty perfect in form. The eggs were still large; one foetus 

was opened. A yolk-sac was found in the cavity of the abdomen, freely com- 

municating with the outer yolk, and with the upper part of the intestine. The 

intestine was distended with the substance of the yolk, which in its lower 

portion was of an orange hue. One of the young fish was in part corroded, as if 

by the action of the fluid with which it was in contact: it showed no signs of 

putridity. 

2. Of the Squalus Galeus.—The only notes of the generative organs of this species 

which I have were made in Malta, and are very brief. On the 25th January . 

a female was procured from the market. Its uterine cavities were semi-transpa- _ 
rent, and lined with a very vascular chorion. Each cavity contained three young 
fish; and each of these was included in a very delicate membrane, together with = 

some gelatinous fluid. There was no appearance of an internal yolk; but to each @ | 
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foetus was still attached the residue of the umbilical cord, still vascular; its 

floating extremity its thickest part. When the foetal fish were opened, an internal 

yolk-sac was seen in each, communicating with the upper portion of the intestine. 

The sac was distended with the substance of the egg, and a substance of the same 

kind was found in the intestine. 

From one of the ureters of the parent fish a fawn-coloured matter was pressed 

out, semi-fluid, not unlike lithate of ammonia. With equal parts of nitric acid 

and water it effervesced, and frothed when heated; but it became brown, not 

purple. There was not sufficient for further examination. It seemed to resemble 

the urine of the torpedo. May it not be a peculiar kind of animal matter ? 

3. Of the Squalus Acanthias—The notes on this fish were made in part in 

Malta, and in part at Constantinople. The specimens examined were eight, one 

only of which was a male. 

This male fish was procured from the fish-market of Galata. It was about 

two feet and a half long. Its anal appendages were of moderate size, composed 

of muscles and cartilages. Each organ communicated by a canal with an abdo- 

minal sac. These sacs, situated immediately under the common integuments, one 

on each side of the mesial line, were lined with a smooth, very vascular mem- 

brane, and contained a little opaque fiuid, consisting, as seen under the micro- 

scope, of minute granules. The canal or duct of each terminated on the inner 

surface of its corresponding appendage. The appendages were without the glan- 

dular body met with in these organs of the rays, but each contained what I 

believe to be an auxiliary heart, such as I have described as occurring in the 

Raia batis.* The proper generative organs were well developed. The testes, 

situated high up under the liver, were of a large size, about 34 inches long by 

# inch broad, rounded at their extremities, of a pale hue, and indistinctly mam- 

millated, as if composed of no well-marked lobules. Each was bordered bya milt- 

like appendix, similar to that belonging to the testes of the Raza clavata, of which 

a figure is to be found in the work just quoted. This latter part was connected 

with the epididymis, or commencement of the vas deferens, by several straight 

tubes passing across, and included, in a delicate peritoneal fold. The epididymis 

superiorly, was small, the vas deferens there composing it being very slender and 

convoluted, but not collected in a mass as in the instance of Raza clavata. As it 

descended, still tortuous, till about 23 inches from its termination, it suddenly 

enlarged and became very capacious, continuing so till it terminated in the 

common receptacle of the spermatic and urinary fluid—.e., that receptacle in 

which the ureters end as well as the vasa deferentia. The capacity of each vas 

deferens, when expanded, was at least equal to that of the common receptacle ; 

each contained about half a cubic inch of a creamy-yellowish fluid. The same 

* See Physiol. and Anat. Res., i. p. 451. 
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kind of fluid was contained in the common receptacle, but of rather thicker con- 

sistence. This fluid, microscopically examined, was found to abound in sperma- 

tozoa. They were seen also in the fluid of the vas deferens, but not in the 

epididymis, testis, or in its milt-like appendix. The fluid obtained from these 

exhibited only granules similar to those found in the like parts in the R#. clavata, 

suggestive of a growth, in transition, from granules into spermatozoa. The com- 

mon receptacle or bladder terminated in a rudimentary penis, projecting about 

one-third of an inch into the cloaca, and about half an inch from the verge of the 

anus. The spermatozoa, of a spiral form, extremely fine at each extremity, were 

very long in proportion to their breadth—at least thirty-two times longer. Their 

length was about sto of an inch.* 

The female generative organs of the Acanthias have a considerable resemblance 

to those of the torpedo, especially in the circumstance that the uterine cavity, 

when gravid (and it does not appear to exist except in this stage), has a distinctly 

villous structure. 

All the female fish examined, with the exception of one, were procured in 

Malta. 

The fish obtained at Constantinople was got from the market on the 17th Feb- 

ruary. !t was shorter than the male fish already noticed, being about two feet 

long, but proportionally thicker. [I expected to have found it gravid, but it was 

not; the generative organs were little developed. The ovaries, situated high up 

under the liver, were each about the size of a sixpence, and each only a few 

lines thick. They contained a small number of ova, the largest not bigger than 

a peppercorn. These, cut open, yielded a little glairy fluid, which, under the 

microscope, exhibited globules and granules. The oviducts were very small,—so 

much so as to be traced with difficulty. To each of them, near the ovary, a 

glandular body was attached, of about half an inch in length. 

On the 3d March, in a female about a foot and a half long, an ege was found 

in each uterine cavity. It was of a long, oval form, within a delicate transparent 

membrane, containing a little clear fluid There was no appearance of foetal 

development. The uterine cavity was of a bright vermilion colour, and covered 

with villi. The ovaries were situated nearly as in the torpedo; each was a small 

cluster of ova attached to the peritoneum. The ovdiucts joined the infundibulum 

over the superior margin of the liver. In each, a little higher than the uterine 

cavity, was a glandular structure. | 

On the 10th March two uterine cavities, which had been found Grea on open- 

ing the fish in the market at Malta, were brought to me. In each were two 

embryos, with the ova to which they were attached. They were free—that is, 

without any including shell or membrane. The lining coat of the cavity was 

* Pl. XXII, fig. 4, + See fig. 5. i Fig. 6. 
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strongly villous; the villi projected two or three lines; the surface, moreover, was 

beautifully vascular, and of a bright vermilion hue. The villi appeared to be 

formed of looped blood-vessels. The yolks belonging to the two embryos in each 

cavity were somewhat different, comparing the external and internal portion ; in 

one instance the outer yolk bag was reduced very small,—the inner had become 

pretty large; in another the case was the reverse,—the outer was the largest. As 

might have been expected, there was a correspondence in the size of the young 

fish: the development of that to which the smaller internal yolk belonged was 

farthest advanced. 

It may be mentioned that one of the uterine cavities, which made a very 

beautiful appearance from its vessels being distended with vermilion blood, was 

put into distilled vinegar; and that, when examined two days after, the vessels 

were found to contain air, as if extricated from the blood during its partial 

solution. 

On the Ist April two small foetal fish, each about two inches in length, 

attached to their ova, were procured from the market. On extraction from the 

parent fish they had been put into water, according to instructions given to the 

Maltese fisherman, and which were observed in other instances. The branchial 

filaments were nearly an inch long, and were numerous. The head was large, 

the eyes very large; distinct marks of spines were apparent anterior to the 

dorsal fins. 

On the 15th April a fish was obtained in which several eggs were found, 

nearly of their full size, attached to the ovaries. In one uterine cavity there was 

a single foetus; in the other, two. No membrane enveloped them; they seemed 

nearly fully formed, and were in immediate contact with the villous surface. 

This was very vascular,—its colour bright red. Two of the young fish were 

opened. The yolk of each egg was in part internal; but the inner yolk was 

small in comparison with the outer, and the sac containing it was even less in size 

than the intestine, which was distended with yolk substance. The stomach was 

empty. The communication between the gut and the inner yolk sac—the vitello- 

intestinal canal—was sufficiently large to allow of the free passage of an ordinary 

surgeon’s probe. The contents of the intestine were of a brighter yellow than 

the yolk in either the inner or outer sac. 

On the Ist October, in a small fish then examined, a single foetus, tolerably 

advanced, destitute of branchial filaments, was found in each uterine cavity. In 

one of the ovaries were minute ova about the size of a millet seed; attached to 

the other were some that were pretty large—about the size of a boy’s playing 

marble: their enveloping membrane was highly vascular. 

On the 22d of the same month a fish was obtained about two feet long. An 

ovum was found in each of its uterine cavities, contained in a delicate transparent 

capsule, which, towards its ends, had a light olive hue and a slight horny appear- 
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ance. It contained a considerable quantity of white, a pretty large yolk, and an 

" embryo about 13 inch long. Large vessels passed from the yolk by the cord to 

the embryo. About one half of the yolk’s proper membrane, at each side of the 

cord, at its margin, was beautifully vascular. The eyes of the embryo were 

large; the fins very small—only just appearing on the back, the pectoral more 

distinct. The branchial filaments were long, and of a bright red. Besides these 

filaments there were others similar, proceeding from the head, its back part, and 

also from each side of the abdomen, in a line extending from the pectoral fin.* 

Each filament—the branchial are specially mentioned—on careful examination 

with a lens, was found to contain four blood-vessels terminating in loops. 

In a fish procured on the 15th May, of about the same size as the last, two 

eggs were found in each uterine cavity, with an embryo attached to each. The 

ova and embryos were contained in one common, very delicate, and transparent 

shell. Each embryo was in the same stage of development; each about three- 

quarters of an inch long. Viewed with a magnifying glass, its eyes were distinct 

and proportionally large; they were almost colourless, with hardly a trace of a 

pupil. The mouth was proportionally large, and apparently expanded wide. It 

gave the idea of the jaws being formed rather than the mouth itself. The 

branchial cartilages were distinct. Two or three short filaments were pendant 

from them on each side. Close to where the umbilical cord entered was a red 

spot—the heart. A vessel carrying red blood extended from it to the tail, and 

returned. The pectoral fins were small, the dorsal only just appearing, the tail 

gradually tapering. An attempt was made to lay open the cavity of the abdomen, 

but it failed, though using a very delicate and sharp scalpel, owing to the great 

tenderness of the parts,—it was torn rather than cut. The cartilaginous skeleton 

throughout seemed to be formed. The ovaries contained ova of different sizes ; 

the largest were about the size of large cherries, the smallest about the size of 

a millet seed. 

Another fish, also of about the same size as the two preceding, was obtained on 

the 13th June. Two eggs were found in each uterine cavity, with an embryo 

attached to each, in about the same stage of development as the last mentioned. 

Besides the branchial filaments, there were two filaments proceeding from the 

head, just behind the spiracula,—the water passages. 

4. Of the Squalus Carcharias.—On a voyage to Ceylon, when within the 

tropics, an opportunity occurred of making a hasty examination of two gravid 

fish of this kind. In the uterine cavity of one, designated a small shark, taken 

in Lat. 8° 23’ N., four foetal fish were found, each about a foot long, with “a 

placenta” attached to each. From three the placenta was immediately removed, — 

—cut or torn off. These fish died almost instantly. The one from which it — 

* See Plate XXIL,, fig. 7. ing 
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was not removed lived in the open air at least three hours after its extraction. 
Its stomach and intestines were both found empty; no yolk was detected inter- 
nally. No mention is made of any including capsule, seeming to warrant the 
inference that no membrane of the kind remained, and that the young fish were 
in contact with the walls of the uterine cavity. 

The other shark, which was called a large one, was taken in Lat. 2°34’ N. In 
its uterine cavities nine footal fish were found, five in one cavity, four in the other. 
Each was contained in its own membrane, full of ‘liquor amnii,” and each was 

connected with “a placenta” by a long “ umbilical cord.” All of them were about 
the same size—about two feet long. When extracted and thrown on deck, they 
were active and vigorous. Though without advanced teeth, two or three of them 
were seen to make an effort to bite a stick thrust against them.* 

The so-called “liquor amnii” was very salt to the taste, was slightly viscid, 

not quite transparent, and of a light grey colour. A few white flocculi were 

Suspended in it. When boiled, it did not coagulate or undergo any apparent 

change. Evaporated, it thickened, became brown, and ultimately black from 

charring, when it emitted much smoke and a strong ammoniacal odour. 

In the stomach and intestines of the parent fish, four different kinds of para- 

sitical worms were observed,—two in the former, two in the latter. 

5. Of the Squalus Centrina.—In the month of March, when at Constantinople, 
I procured two fish of this kind, which had been taken in the Sea of Marmora, and, 

it is worthy of remark, by the same cast of the net: they were male and female. 

The male fish was about 25 feet long, and rather slender. The testes} were 

pretty large, each nearly of the form of a date, its surface vascular, smooth, and 

equal. Its substance was soft; when cut it yielded some opaque fiuid, which, 

under the microscope, was seen to abound in globules. The milt-like part 

superiorly was thin and small; cut into, it yielded a milky fluid, in which, under 

the microscope, numerous globules were seen, and one spermatozoon. The epididy- 

mis, itself small, was connected with the milt-like part by four or five delicate 

tubuli; these, divided under water, yielded a little milky fluid, also abounding in 

globules similar to those of the milt-like part. A milky fluid was also obtained 

from the epididymis, from its superior portion. This was rich in spermatozoa ; 

it contained, besides, a few globular particles. The vas deferens and the vesicle 

in which it terminated yielded a cream-like fluid, rich also in spermatozoa. The 

vesicle in which, probably, the ureters also terminated (it was not ascertained by 

* Other instances of a like kind might be mentioned, showing how provident Nature is in giving 
instincts and organs to young animals, suitable to their protection when in their feeblest state, and 
their lives, in consequence, most in danger. The foetus of the torpedo, even before birth, I have 
found capable of giving a shock. In the foetus of the viper (Coluber berus) I have found the poison- 
fangs developed. The young alligator I have seen, as soon as it left the egg—and that prematurely, 
from the egg being broken—make to the adjoining water, and, if stopt, attempt to bite the arresting 
object. 
; T See Plate XXIT,, fig. 8. 
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dissection), communicated with the cloaca through a papilla, the rudimentary 

penis. The spermatozoa were all similar. Many of them were collected ina 
cluster. They were all motionless in fresh water and in brine; but in salt water 

—that of the Bosphorus*—many of them were active. They were found to vary 
in length from about stx to 4s. ofaninch. The diameter of the rounded extremity 

was about 2070 of aninch.t The anal appendages were large, and proportionally 

thick. Each communicated with a subcutaneous sac similar to that of S: 

acanthias. The cavity of each was about an inch long, and follicular. The appen- 

dages, in their general structure, were “‘ similar to those of the rays and squali.” 

In my “ Researches Physiological and Anatomical,” when treating of the male 

organs of cartilaginous fishes, I ventured to offer the conjecture—an old opinion— 

that the anal appendages, the characteristic of the male fish, are designed for the 

purpose of intromission in the performance of the generative act, and I then quoted 

a passage from Aristotle to the same effect : “Sunt qui se vidisse confirmant non 

nulla in cartilagineis aversa modo canum terrestrium coheerere.” In examining 

these two fishes, I found what appeared to me to be circumstances favourable to the 

above supposition. In the instance of the male, the generative organs, as described, 

were clearly in the condition required at the breeding season. Those of the female 

were found to be so also. The female, about one-third larger than the male exclu- 

sive of the anal appendages, was similar to it in form and appearance. The cloaca, 

the common opening,—that in which the intestine and uterine cavities terminated, 

—was sufficiently large to admit the appendages; and it is worthy of remark, that 

the part was slightly lacerated at its superior commissure; also, that the mouths 

of the uterine cavities were protruding, and were very red and vascular. Within 

the cloaca, between the two uterine openings, above the opening into the intes- 

tine, was a clitoris, if I may so call a vascular conical projection, of about one- 

eighth of an inch in length, through which was a passage from the urinary bladder. 

The bladder was of a globular form, and pretty large; two ureters terminated 

in it, at its upper end. The ovaries contained ova of different sizes, the largest 

about the size of a boy’s playing marble, They were enveloped in a delicate 

vascular membrane. Their contents were of a soft consistence, like the yolk of 

the ege of the common fowl, and of a light cream colour. Above the liver was 

situated the infundibulum of the oviducts. These ducts were thin and plicated. 

About two inches above the uterine cavities, on each side, was a glandular body, 

forming a part of the oviduct. The uterine cavities were long, wide, and capacious. 

Their superior opening was small, their inferior large. Their inner surface was 

red, and covered with villi—these about a quarter of an inch long; they were 

well displayed by immersion of the part in water. Both the oviducts were empty, . 

* This water is less salt than that of the sea—the Mediterranean and ocean—nearly the same 

as that of the Euxine. I have found it of sp, gr. 1012, that of the Euxine being 1011. 
t See Plate XXII, fig. 9 
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as were also the uterine cavities. A little fluid lubricating the latter was scraped 

off and subjected to the microscope; some blood corpuscles were seen in it, and 

minute globules, and also two spermatozoa, respecting which it is said in my notes, 

“I think there can be no mistake, their form being so peculiar.” 

6. Of the Raia Aquila.—Of this fish I have notes of two specimens only, both 

procured in Malta, and both females. 
The first was procured on the 12th April. In each of its oviducts was a large 

membranous shell, which, independent of its horns, was about five inches long. 

One of them, opened, was found to contain a yolk about the size of the yolk of a 

hen’s egg; a considerable quantity of glairy white enveloped it. The shell exter- 

nally was nearly black—rough, tough, and very strong: internally it was lined 

with a delicate white glistening membrane. Above that part of the oviduct in 

which the egg was contained was a large globular body surrounding the duct, in 

appearance, as to structure, more like a testis than any other that at the instant 

IT could call to mind. The lower end of the oviduct terminated in the cloaca; it 

was so contracted, that the little finger was introduced with difficulty. There 

was no appearance of development in the ova. 

The second fish was obtained on the 22d September. Though quite fresh, its 

ovaries and oviducts were for most part reduced to a pulp, as if by a process like 

that which sometimes destroys the stomach, and has been referred to the action 

of the gastric juice. In this instance, however, the stomach was quite sound, 

without any traces of softening. It was of moderate size, full of broken food, 

suggesting the idea that this fish masticates its food, for which its strong, ]ami- 

nated molar teeth are so well adapted. 

7. Of the Squalus Canicula.—Of this species I have notes of four, one of them 

amale. All were procured in Malta. 

I shall first make mention of the male. It was obtained on the 11th Sep- 

tember. Its anal appendages are merely stated to be similar in structure to those 

of the torpedo, the lateral anal fins uniting behind them and partly. covering them. 

_ The testes were very distinct, and situated high up in the abdominal cavity; the 

spermatic tubes large and tortuous, terminating in vesiculee seminales, and these 

in a single papilla situated in the cloaca, close to the anus. When the vesicule 

were pressed, a thick, creamy fluid was discharged, flowing from the papilla. 

Of the other fishes, females, the first was obtained on the 22d April. A 

large cluster of eggs was situated over the spine: these of various sizes—the 

largest about the size of large cherries; their membrane was vascular, including 

ayolk. The upper part of each oviduct was also very vascular. The infundi- 

bulum was small. In the oviduct there were no ova and no enlargement. Each 

was provided with a glandular structure. Below the gland, where it is presumed 

the egg would rest and acquire its shell, the oviduct was very small and pale— 

not thicker than a crow quill—its sides in contact. 



502 DR DAVY’S FRAGMENTARY NOTES ON THE 

On the 15th of May another fish was obtained, of about a foot long. An egg 

was found in each of its oviducts, enclosed in a firm, hard shell,—so hard as not 

to be easily cut. The ovum was of a brownish hue, and was surrounded by a 
glairy white. No traces of development could be detected in it. 

On the 28th of August two ova, each in its shell, were got from the market, 

said to have been extracted from the left oviduct of a catfish. Each shell was 

about two inches long, and about half an inch wide, tough, and yet transparent, 

pointed at its extremities, from both of which a strong fibre proceeded. The 

fibres, drawn straight—that from one end measured about a foot in length, that 

from the other about half afoot. The largest was in part divided into several 

delicate filaments.* The contained ovum, seen through the transparent shell, 

was situated midway. In one shell that was opened, a yellow yolk was found in 

a small quantity of colourless, transparent, and “very viscid white.” This 

“white” did not mix readily with water, and was not coagulated by nitric acid. 

On the 5th September two fish were obtained, both of them gravid. The con- 

dition of the generative organs of each was similar. In each oviduct an egg was 

found, surrounded by white, in a semi-transparent shell. One was immersed in 

boiling water. The yolk became hard after having been boiled about two 

minutes; the white did not coagulate, nor undergo any apparent change,—it 

remained transparent and viscid. On each side, above that part of the oviduct 

holding the egg, and about an equal distance from the infundibulum, was a 

glandular body surrounding the tube. The infundibulum was large, and very 

vascular. The ovaries, joined together, lay in the direction of the spine, about 

half-way between the oviducts, and about the same distance from the infundi- 

bulum. In them was a cluster of ova of different sizes, connected by a loose 

cellular tissue. The smallest of the cluster were about the size of mustard seed, 

hard, and opaque; the largest were nearly the size of the mature yolk, but 

spherical in form. Between the largest and the smallest there were many of 

intermediate grades. The largest were situated lowest, and consequently most 

distant from the infundibulum.t+ 

8. Of the Scyllium Melanostomum.—Of this fish I have notes of two, both pro- 
cured at Constantinople,—a male and a female,—and both in the same month, 

February. 

The male was about two feet long, and slender. Its testes were proportionally 
large,—one on each side of the spine, not distinctly divided throughout.t They 

were of a light fawn colour and soft consistence, more resembling the testes of the 

osseous fishes than those of the majority of the cartilaginous kind. They tapered 

towards the cloaca, where it may be supposed their ducts terminated. The 

whole seemed homogeneous. Under the microscope, their soft substance seemed 

* See Plate XXIL., fig. 10. t See Plate XXII, fig. 11. t See Plate XXII, fig. 12. 
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1 to be composed of globules, nearly transparent, of from about zc3o to 2vss of an 

inch in diameter. Different parts of the organ were examined, without any 

difference of result; no capillary spermatozoa could be detected, and the globules, 

except when moving in currents, were motionless. The anal appendages were 

small. They were not specially examined as to their structure. 

The female was also about two feet long, but thicker in proportion to its 

length than the male. At the time it was obtained, it was not quite dead.* The 

ovaries were large and long, extending nearly the whole length of the abdomen. 

Their upper portion abounded in ova, from the size of a grape seed to that of a 

mustard seed, and smaller. The larger were not perfectly transparent; they 

contained a turbid fluid, which, under the microscope, exhibited globules of about 

atvo of an inch in diameter, and smaller. The confining membrane was thick and 

strong. The lower portion—more than one-half of the whole—had a milt-like 

appearance. Under the microscope it exhibited globular nucleated particles, of 

about cco of an inch in diameter. The oviducts were large,—their infundibulum 

above the liver. To each oviduct a glandular body was annexed, just below 

which was a little enlargement of the tube ; and towards the termination of each 

duct in the cloaca there was also an enlargement of it. 

9. Of the Raia Oxyrhynchus.—Of this fish I have notes of two specimens, both 

examined at Malta, and both females. In one, opened on the 2d April, an egg was 

found in each oviduct, below its gland. The shell inclosing it was not perfectly 

formed ; its lower moiety, which was perfect, was of a greenish brown, tough and 

strong; its upper portion was greyish, tender, and very easily broken.+ Much 

thick, tenacious, mucus-like matter enveloped it. There was no appearance of 

an embryo. . 

The other fish was obtained about the same time. The precise date is not 

given. In this instance, also, an egg was found in each oviduct. Each ege was 

contained in a horny shell, the horns of which were short, as if not fully formed. 

A tough glutinous matter, of the colour of the shell, was found covering it, seem- 

ingly the material of which it was formed. ‘The oviducts were red; their glan- 

dular structure large. The ovaries contained many ova; and there were several 

eggs loosely attached to the ovaries. They were of a spherical form,—the largest 

about the size of the yolk of a pigeon’s egg. . 

In conclusion, recurring to the preceding notes, it is worthy of remark, that 

whilst there is a certain resemblance to be seen in the generative organs of the 

several species, there are also well-marked differences—differences which, it may 

be inferred, have relation to foetal development. Under this head, do not the 

observations justify at least three divisions? 1s¢, The viviparous fish, of which 

the Squatina is an example, an instance, like that of the torpedo, of the ovum 

* See Plate XXII., fig, 12, + See Plate XXII, fig. 13. 
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passing into the uterine cavity, and there undergoing its full development, unin- 

closed in any shell or membrane. 2dly, The ovo-viviparous fish, such as the S. 

acanthias, S. galeus, and probably S. carcharias, the ova of which, enveloped in 

a glairy white and contained in a delicate membrane, undergo their development 
in the same cavity. -.3dly, The oviparous fish, such as the S. canicula, R. aquila, 

the ova of which, provided with a horny shell the matter of which is secreted by 

one or more glands, are expelled from the oviducts efor their development 
begins, and are hatched in the sea. 

As regards the first division, are not the ova fully formed in the ovaries, and 

undergo no further increase of size after entering the oviducts? Also, as regards 

the foetus, is not its growth in the uterine cavity not solely due to matter 

derived from the yolk, but in part to matter absorbed from the cavity itself? I 

am induced to suppose that this is the fact, from the analogy of the foetal 

torpedo, which, at its full time of birth, I have found to be very much heavier 

than the egg ;* and also from the circumstance that the uterine cavity, as I have 

seen both in the instance of the Torpedo and of the Squatina, has become much 

thinner as the period of gestation advanced and approached its maturity, com- 

paring it with the average of the organ earlier. 

As regards the second, is not the common including membrane or capsule of 
the ovum and embryo found in the uterine cavity as a temporary provisional 

membrane ? and is it not absorbed, in part or in whole, before the young fish 
quit the uterine cavity? Some of the appearances described under the head of 

S. acanthias and S. carcharias seem difficult of explanation except on this idea. 

The absorption of the membrane, whilst it may conduce to the exit of the young, 
may aid also their growth. 

Further, are not what I have called “ placentze’”’—the cotyledons of MuLLER— 

residual masses of vitelline vessels,—residuary after the absorption of the yolk,— 

the view long ago entertained by a distinguished naturalist ’?}+ and, though dif- 

ferent from true placenta, yet do they not exercise a similar function, suppos- 

ing, as I believe was the case, that in the instance of the young of the Carcharias 

there was an active circulation in the mass, owing to which the~foetus that had 

not the vascular mass detached from it lived so long ? 

As regards the third, are not the ova of these fish all hatched in the sea, their 

development altogether taking place after being laid? That they are, I have been 

led to believe, not so much from my own limited observations of a negative kind, 

never having, in the examination of the eggs whilst in the oviducts, seen any 

* See Physiol. and Anat. Res., vol. i. p. 65. 
+ See Hist. Nat. des Poissons, par MM. Cuvier et Valenciennes, The remains of the vitellus is 

described by the former (inferring that the first volume was written by Cuvier) as adhering to the 
uterus almost as firmly as a placenta. This I have never witnessed; nor have I ever witnessed, till 
at an advanced period, the interior lobe of the vitellus, which is described by him as always existing 
in the foetus,—‘‘ comme un appendice de l’intestin.”—See loc. cit. 
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traces of embryonic growth, as from the experience of the Maltese fishermen, 

who, in opening hundreds of the species, I have been assured, have never found 

a young fish included. 

The branchial filaments of the embryo of the cartilaginous fish have commonly 

been considered as concerned solely in aérating the blood of the young fish. 

Have they not another use also ?—are they not concerned, in a formative way, 

in promoting the growth of the part to which they belong? The circumstances 

that they are absorbed about the time that the gills become covered,—i.¢., cease 

to be naked,—and that they are not always restricted to the branchia, seem to 

favour an affirmative answer. 

As to the use of the anal appendages of the male cartilaginous fishes, respect- 

ing which there has been so much difference of opinion amongst naturalists,— 

some, as RoNDELET, WILLOUGHBY, Ray, ARTEDI, Macri, DE BLAINVILLE, following 

ARISTOTLE in the opinion that they are penes, organs of intromission ; others, as 

Biocu, Home, Cuvier, and most recent writers, maintaining that they are merely 

holders, “ claspers,” and in the generative act employed solely to embrace and 

retain the female,—I have been led to prefer the older view mainly from the 

consideration of the structure of the parts, seemingly so ill adapted for the use 

last referred to, especially keeping in mind the glands with which they are 

furnished. Which of the two hypotheses is the correct one, can only be deter- 

mined by further and careful observation. The fact I have mentioned under 

the head of S. centrina must be admitted, I think, to favour most the old opinion. 

Theoretical arguments might be used in support of the same; but these, at best, 

cannot compel conviction.* 

Lesketu How, AMBLESIDE, 

Sept. 22, 1860. 

* Macri, in Atti della Reale Accademia Scienze (of Naples), vol. 1, uses a very ingenious 
argument of the kind above alluded to: ‘‘ In natura osservi una legge costante ed invariabile, stabi- 
lata dall’? omnipotente, che quando gli animali maschi son corredati d’una sola verga, le lor femmine 
hanno eziando una sola vulva ed un sol utero. KE all’ opposto, dove le medesime son provvedute di 
due vulve, o d’una bifurea, e die due uteri, o d’un uteri bifido, posseggno i maschi o una verga bifida 
o un doppio membro generatore ” (p. 83). 





* Trans. Roy. Soc. Edin? Vol.xxm. Pl xxu. 

W. HM‘ Farlane, Lith’ Edin. 
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XXII. seri Observations on the Albino. By Joun Davy, M.D., F.R.S. Lond. 

and Edin., &c. 

(Read 18th February 1861.) 

Amongst the natives of Ceylon, the occurrence of the Albino, the offspring of 

dark-skinned parents, is not very uncommon. In looking over my note-books, 

kept whilst I was in that island, between the years 1816 and 1820, I find mention 

made of five several examples. Now that the subject of species and varieties is 

attracting so much attention, perhaps the particulars I then collected of these 

abnormal instances of the human race may not be ee without interest, 

even if given a little in detail. 

In a work ‘“ On the Interior of Ceylon,” published in 1821, in describing the 

native races, I have stated that ‘“ The colour of their skin varies from light-brown 

to black ;” that “the colour too of their hair varies, but not so much as that of 

the skin ;” that ‘black hair and eyes are most common; that hazel eyes are less 

uncommon than brown hair; that grey eyes and red hair are still more uncom- 

mon; and that light-blue or the red eye of the Albino is the most uncommon 

of all.” 

The Albinos whom [I had an opportunity of examining were all children of 

natives of ordinary colour. As already mentioned, they were five in number, and 

besides these, I heard of no others then alive, with the exception of one, whom I 

did not see. 

Two of these Albinos were brother and sister. The latter was twenty-three 

years old, of average height, well made, and in the enjoyment of uninterrupted 

good health. Her skin was very white and soft, especially where it had not been 

exposed to the sun. Her eyes were of a very light colour, not very weak ; she 

could bear moderate light well, but disliked strong light. The pupil showed the 

absence of the pigmentum nigrum ; it was of a light flesh colour. The iris was 

nearly of the same colour, but lighter; its converging fibres were of a light grey 

hue, and very distinct, having interstices between them of a flesh colour. Her 

hair was nearly white, or rather of a light-cream colour, shining and fine, long, 

with a tendency to curl. Her eyebrows and eyelashes were of the same hue, 

but rather lighter. Her brother, who was three years older, had the same colour 

of skin, hair and eyes; and was well made, and in good health. He had a thin 

beard. His voice was feeble and somewhat effeminate. The disposition of both 

seemed to be mild and cheerful; the expression of their countenance not disagree- 

able. In conversation they expressed themselves readily, and seemed, if not 

acute, not deficient in intelligence. Neither of them was married. When 
VOL. XXII. PART III. 6P 
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questioned on the subject, the brother said he should like to have a wife, did not 

his poverty prevent him. They were orphans and beggars. I was informed that 

their parents had other two children, who were also Albinos; they died young. 

The Albino of whom I have next to make mention was a young woman, well 

grown, and rather tall, the only child of black parents. Her hair and eyes differed 

in colour from those of the preceding. Her hair, long, and fine, was much darker, 

of a yellowish-brown. Her eyes were stronger, very like the eyes of a European 

of the same light complexion—a pure blonde—the pupil being black, the iris blue. 

In England, this young woman would be considered very fair, but not an anomaly. 

She too was unmarried. 

The next I have to describe were sisters, two of a family of seven children, 

three of whom were Albinos, four of the colour of their parents. The eldest of 

the Albinos I did not see; she was married and living at a distance. She was 

described as being very like her sister next in age, a girl twelve years old. This 

girl was fully formed, her breasts well developed. Her skin was fair, but not 

remarkably so; where it had been exposed to the air it was a little sunburnt. Her 

hair was of a yellowish-brown colour, long and fine. The eyes were large, well 

formed, and not weak; the pupils were black, the iris bluish-grey, its outer margin 

hazel coloured. Her countenance was agreeable and intelligent; and she was 

described as lively and well disposed. Her sister, five years old, was fairer; the 

pupils of her eyes flesh-coloured, and much dilated; the iris bluish-grey. In 

features she resembled her sister. 

All these Albinos were natives of the south-west coast of Ceylon, where the 

average heat is about 80° of Fahr., the yearly range remarkably small, little 

exceeding 10°, with a climate distinguished for salubrity, and the absence of 

malaria. The temperature of those I tried—the Albinos—was not peculiar; like 

that of the other natives and of European residents, it was about 1° higher than 

that of man in a cool climate. 

I have heard it said that the Albino is held in contempt by the Singalese; this, 

on inquiry, I was assured was a mistake; on the contrary, as regards colour, that 

they are rather respected. Nor is such a feeling towards them surprising, con- 

sidering that in the East a light hue is held to be distinctive of high caste, and 

vice versa ; the lowest castes, those in least easy circumstances and most exposed 

to the sun, being dark. Moreover, the ethnologists of Ceylon, the Singalese 

savants, are of opinion, that the white races of mankind are sprung from the 

Albino, and ab origine were merely an accidental variety. 

It would be interesting to know what would be the offspring of Albinos. The 

inquiry I made on this point was unsatisfactory; I could not learn of any descen- 

dant from Albino parents, either pure or mixed. Judging from analogy, whether 

we regard the blondes of the human race, or the white varieties of any domesti- 

cated animals, is it not probable that the complexion would be hereditary @ 
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The distinctive quality of the Albino, at least in the highest degree, appears to 

depend on the absence of the pigmentum nigrum, and of its analogue in the skin, 

the rete mucosum (using the term conventionally), and of a like secreting structure, 

it may be inferred, in the bulbs of the hair. Now these, we know, exist greatly 

varied in different peoples, and even in different individuals of the same family. 

In those in whom the 7e¢e mucoswm is least developed, the less we find their skin to 

be darkened by exposure to the sun’s rays, and the fairer they remain, even within 

the tropics, and from generation to generation, as is witnessed in the whites of 

Barbadoes and of the other West Indian Islands longest settled. On the contrary, 

where there is a well developed rete mucosum, the action of the sun’s rays is found 

to have a well-marked darkening effect. A gradation, feeble indeed, was noticeable 

in the skin of the Albinos I have described, and in one of them, the least colour- 

less, a tendency to sunburn was mentioned. Taking into account this grada- 

tion, and this effect of the sun’s rays, the speculation of the Singalese respecting 

the origin of the white races of men is not without the semblance of probability ; 

and the more so, if we admit what seems to be proved by all experience, that the 

coloured races are best adapted for warm climates, and that in the most unwhole- 

some of these climates, they have a better chance of escaping disease and a pre- 

mature death, and thereby extinction of race, than the whites. 

LesketH How, AMBLESIDE, 

February 3, 1861. 
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XXUI.—On the Horizontal Force of the Earth’s Magnetism. By Jonn ALLAN 
Broun, F.R.S., Director of the Observatories of His Highness the Rajah of 
Travancore. (With Six Plates.) 

(Read 4th February 1861.) 

The only observations made with Dr Lioyn’s bifilar magnetometer, published 

with corrections applied to the individual observations, are those made in the 

Makerstoun Observatory, forming part of the Transactions of the Royal Society 
of Edinburgh. The results obtained from these observations (especially from 

those for 1844 and 1845), were first compared by me in 1856, with observations 

(also corrected by myself) made in the Trevandrum Observatory during the same 

years. The singular resemblance of the variations of daily mean intensity thus 

discovered at two places so distant, and so differently situated on the earth’s sur- 

face, induced me to undertake the considerable labour of determining the tem- 

perature coefficients, and of correcting and discussing all the published (and some 

unpublished) observations made in the colonial observatories. This labour was 

too great to have been undertaken by me alone, in consistence with my other 

duties, and it is due to the liberality of His Highness the Rajah of Travancore, 

that I could employ in part for this work the computers attached to his Observa- 

tory. The coefficients obtained for the colonial bifilars, by a method already 

described by me,* are given in a paper on the errors of the instrument.} The 

results deduced after corrections applied, will be found in the following paper; 

the troublesome relations and connections of broken series and corrections for 

_ accidental errors, discovered after a most careful examination of all the observa- 

tions, are given in an appendix, not to complicate the discussions. 

Yearly Mean Value of the Horizontal Intensity and iis Secular Variation. 

2. It has been supposed that the secular variation of the horizontal intensity 

could only be determined by absolute observations. The readings of the bifilar 

magnetometer being liable to so many accidental errors, they have been con- 

sidered valueless for this end. This conclusion, there can be no doubt, has had a 

considerable basis; yet it appears to me, that in many cases, the bifilar results 

may be employed with reference even to this question. The absolute intensity 

cannot be observed to the same degree of exactness as its variations by the bifilar, 

and this is a matter of much importance in determining the /aw of secular varia- 

tion. It has appeared to me desirable to compare the results for different places, 

and especially those for Makerstoun and Hobarton, which have seemed trust- 
worthy for this purpose. 

* Trans, Royal Soc. Ed., vol. xvi. p. 74, See also “ Introduction to Makerstoun Observations.” 
t See Trans. Royal Soc. Ed., vol. xxii. p. 467. 
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3. The following table contains the yearly means of the horizontal intensity, 

commencing the year with each month successively, and the rate of change of 

this mean from month to month. 

TABLE I.— YEARLY MEAN HorizonTAL FORCE (minus A CONSTANT), WITH ITS MONTHLY 

VARIATION AT MAKERSTOUN IN SCOTLAND, AND HoBARTON, VAN DIEMAN ISLAND, 

1842-49. 1:00 = (WHERE X IS THE WHOLE HoRIzONTAL FORCE AT THE ae Soe 
10000 

RESPECTIVE PLACES). 

Makerstoun. Hobarton. Makerstoun. Hobarton. 

YEAR. wh OM 8 Bee SASS. AE ees YEAR. pod Mor SP us! : 

Mean. |Change.| Mean. |Change. Mean. | Change. | Mean. Change. 

1842 Jan. to 1842 Dec. | 23°50] ., 22°70 | 5.9|1845 July to 1846 June |109°83 14 \L13°99 i 

Feb. 1843 Jan, | 26°58] S00| 25-48) 228) Aug. July |110°97| G.3 [11480 Nee 
Mar. Feb. | 29°58 2-46 28°08 9:97 Sept. Aug. /111°78 0:97 115°50 0°85 
April Mar. | 32°04 277 30°35 9°50 Oct. Sept. |112°75 0-94 |116°35 0°78 
May April} 34°81 2-20 32°85 1:81 Noy. Oct. |113°59 110 Vals 1-03 
June May | 37:01 9-90 34°66 1:99 Dee. Nov. |114°69 156 11816 1°28 
July June | 39°21 216 36°65 2-07 1846 Jan. Dec. |116°25 1:43 119°44 115 
Aug. July | 41°37] 9.59 38°72 175 Feb. 1847 Jan. |117°68 1-04 |[£20°59 0-79 
Sept. Aug. | 43°59 9:94 40°47 1:83 Mar. Feb. |118°72 1-21 22138} 9.69 
Oct. Sept. | 45°83 2-08 42°30 164 April Mar. |119:°93 1-15 |L22°00 0°61 
Nov. Oct. | 47:91 257 43°94 9:25 May April |121°08 0:87 122°61 0:97 
Dec. Nov. | 50°48 9-59 46°19 9-20 June May 121-95 1:59 123°58 1-07 

1843 Jan. Dec. | 53°00 2:60 48°39 2°48 July June |123°52 1:00 |124'65 1:07 
Feb. 1844 Jan. | 55°60 2-68 50°87 9-68 Aug. — July |124°52 1°36 125-72 114 
Mar. Feb. | 58:28 2-73 53 55 2°53 Sept. Aug. |125°88 1°35 126-86 O77 
April Mar. | 61°01 2:85 56°08 92-65 Oct. Sept. |127-23 0-42 127°63 0:60 
May April} 63°86 319 58°73 2-97 Nov. Oct. |127°65) 9.5, [128-28 0:93 
June May | 66°98 3:50 61:70 3:09 Dec. Noy. /128:00 0-68 28°46 ~0-12 
July June | 70°48 373 64:79 3-39 1847 Jan. Dec. |128°68 ~ 0-10 128°34 0:02 
Aug. July | 74:21 3-43 68°11 2:96 Feb. 1848 Jan. |128°58 0:06 |128'36 0-17 
Sept. Aug. | 77°64) 5.58 71°07 9-89 Mar. Feb. |128°64 0:22 12853) 9.38 
Oct. Sept. | 80°82 2-98 73°89 273 April Mar. |128°86 0-56 (28°91 0-70 
Nov. Oct. | 83°80 9-63| 19°62| 9.95 May April|129°42| 44, |129°61 0°74 
Dec. Nov. | 86°43] 5.65 78°95 | 5.39 June May |130°50 0:72 |130°35| 9.96 

1844 Jan. Dec. | 89°05 1:90 81°33 9:00 July. June |131°22 0-97 [13121 0°45 
Feb. 1845 Jan. | 90°95 181 83°33 994 Aug. July |152°19 0-91 (£31°66 0:89 
Mar. Feb. | 92°76 1-94 85°57 2-56 Sept. Aug. |133°10 0-58 |132°55 1:43 
April Mar. | 94°70 160 88:13] 5.35 Oct. Sept. |133°68 1:88 |183°98 
May April| 96°30, 1-21 90°48 9-20 Nov. Oct. |135°56 1-20| « ce 
June May | 97°51| 5.49| 92°68] 9.94 Dec. Nov. |136°76 0°35 
July June | 98°70 0:89 94°72 1°87 1848 Jan. _ Dee. 137-11 1:39 ’ 
Aug. July | 99°52 0:86 96°59 9-03 Feb. 1849 Jan. |138°43 1-65 
Sept. Aug. |100°38 0°60 98°62 1:35 Mar. Feb. |140°08 1:31 
Oct. Sept. 100°98 | 9.93 100°47 | 5.96 April Mar. |141°39| 7.45 
Nov. Oct. |101°91 0:92 92°53 | 5.93 May April |142-70 156 
Dee. Nov. |102°83 0-57 104°56 172 June May |144°26 2-01 

1845 Jan. Dec. |103°40 1:06 106°28 185 July June |146:27 1-79 
Feb. 1846 Jan. /104:46 1:09 108-13 | j.54 Aug. _duly |147-99 1:50 
Mar. Feb. |105°55 114 109°67 1-41 Sept. Aug. |149°49 175 
April Mar, |106:69| 5.55 [111-08] j.04 Oct. Sept. |151:24| 3.59 
May April 10791] 5.) |112'32 0-87 Nov. Oct. (152-33 1°62 
June May |109:06 0.747 11319} 9.99 Dec. Nov. |153°95 2°16 

; 1849 Jan. Dec. |156°11 
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At both places the yearly mean horizontal force increased through the whole 

period, with one exception—namely, about the mean epoch July 1847 at both 
places. 

4. If we could suppose that the mean horizontal force from year to year was 

unaffected by any other cause of change than that which produces the secular 

variation, the differences of the yearly means in Table I. would show at once the 

law of variation of the secular change itself. If, however, the yearly mean hori- 

zontal force at any place, independent of the secular variation, is not a constant 

quantity, but variable with some other argument, as the positions of the planets 

or the physical state of the sun, we may expect, from sufficiently long series of 

observations, to separate the results due to the two causes, and perhaps to deter- 

mine what they are. In the present instance, I shall consider the changes from 
year to year as if they were of long period and due to one cause. 

1st, The increase of the yearly mean was a maximum at both places about 
the mean epoch, January 1844. 

2d, The increase of the yearly mean was a minimum at both places about the 

mean epoch July 1847. 

3d, The epoch of maximum increase of the horizontal force was nearly that 

which has been found to be the epoch of minimum magnetic disturbance; while 

the epoch of minimum increase of the horizontal force approaches that of the 
maximum magnetic disturbance.* 

Ath, The interval between the maximum and minimum increase was, however, 

only 3°5 years. 

5th, The variations of the yearly means agree very well at both places through- 

out the whole period, excepting before and after the mean epoch January 1845, 

and some part of the difference at this time may be instrumental. 

5. It follows from these results, that what has been usually termed the secular 

variation is not a simple linear movement, and that it had nearly the same values, 

and obeyed nearly the same laws, at Makerstoun and Hobarton. 

6. The question arises whether this similarity is to be found at all places. I 

have not been able to obtain any series of observations of sufficient length, and 

sufficiently free from instrumental errors, to answer this question completely ; 

but the following are the yearly means at those places whose observations I have 

been able to discuss :— 

* If we correct the yearly means for a regular secular change, the remaining quantities will 
show a maximum and minimum nearest the epochs of minimum and maximum disturbance, and with 
an interval of about five years. 
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TABLE II.—YerArty Mean HorizontaL Force at SINGAPORE (minus A CONSTANT), 

WITH ITS MonTHLY CHANGE, 1842-45. 10= 

1842, 1843. 1844. 

Mean. | Change.| Mean. |Change.| Mean, |Change. | Mean. 

January, [0°54] 4.01 1491] 9.99| 22°33 0-99 | 32°15 

February, [1°75]} 4.94 15°71} 9.g9| 23°23] 9.9; | 31°89 

March, . 2:96 9:26 16-31 0:55 24-04 0-70 32°66 

April, 5:22) 1.58 16°86) 9.54 24:74 0-50 | 33°53 

| May, 680| 4.93) 17°40| 9.41| 25°24] 9.59 | 34°51 
June, 8:13 154 17°81 0-25 25:83 0°63 35°31 

July, 9-67 1-21 18:06| 9.98 26:46 0-62 

August, . 10°88 0:98 18-44] 6.6 27:08 0-84 

September, 11°86 0:87 19°04] 9.63] 2792) 9.94 

October, 12:73 0-72 19:67 0-70 28°83 0-84 

November, 13°45 | * 0.63 20°37} 9.93| 29°67 0-75 

December, 14:08 0:83 21:35 0:98 30°42 0-73 

TABLE I1].— YEARLY MEAN HorizontTAL FORCE (minus A CONSTANT), WITH ITS MONTHLY 

CHANGE AT TREVANDRUM, 1842-45. 1:00=- 9 

1842. 1843. 1844. 

Mean. | Change.| Mean. | Change.| Mean. | Change.| Mean. | Change. 

January, ; , ; 6-14 | _ 9.44) 410 | , 9.36 7°85 

February, 5°70 | _9.43| 4°46 40:22 8°53 

March, 5:27 _ 0-33} 4-68 40°04 9:18 

pel, re Lote, Ql #84:| e039) #72 | co-agin 2 Oe 
Man 760 | 40-53] 462 | 0-36 4°57 | 0-03 
June, 8:13 40°33 4:26 _ 0-55 4°54 +0°10 

July, 8-46 40-29 S71 | 0-49| 4°64 40-24 

August, . 8:08 | pra 822: | Sagal £80 nes 
September, 8°52 | 0:57 3°03 4.004 5°41 40°58 

October, 7°95 0-74 3:07 40:22 5°99 40°61 

November, 12. 29 0°67 3°29 40°34 6:60 40.65 

December, 6-54 | 0-40| 3°63 4047 7°25 +.0°60 
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TABLE IV.—YEARLY MEAN Horizontat FoRCcE (minus A CONSTANT) AT 

x 
HOSA OO Se. St Hevena, 1842 0 10000 

1842, 1843, 1844, 1845 
MonrTuH. e20e 

Mean. | Change.| Mean. | Change.} Mean. | Change.| Mean. | Change. 

peauary, BO? bode ene ti.00} 280214 bp 
February 64:74 : 40°55 . 24°50 ) 0°71 1:96 1°62 
March 64:03 ; 88°59 22°88 

eee 0:87 iesyg) 1:12 
April wa 63:16 : 36°60 ‘ 21-76 i 

P Poe 2:02 1:88 May, ve | +, | 62°05] 7.59] 84.58) 76>] 19°88) 5 24 
June 66-03| .,| 60°55| 5°. | 3291) 7 24] 18-34 

’ +0°69 2-14 1:28 July 66-72|" 4. 0; | 68-41} 3.--| 81:63) >. 
u ~,|+0°02 2°55 0-81 

August, . 66°74 é 59°86 ‘ 30°82 ; 
—0:-16 3:00 0:36 September, 66-58| 2. | 52°86| 5... | 30-46] | 
—0°21 3:14 0:58 

October, . 66°37 : 49-72 29°88 
—0°38 22 1:04 

November 65:99 47-00 94 | 28°84 ps 
fe Cau Naess | ore) lee BecemDer, 790 20:30 2-11 1-49 

TABLE V.—YEARLY MEAN HorizonvTaL FORCE (minus A CONSTANT) AT THE 

Cape or Goop Hors, 1842-45. 1.00= eH 

1842. 1843. ra a Seay 

Monta. PIAS AARS B08 FAR Teh A be 

Mean. | Change.| Mean. | Change.| Mean. | Change.| Mean. | Change. 

January, 46°28 ; 30°78 : 64:10 : 
Febuary, 47-07) * 079 | 33-33 1 5ae 6a-74|t O04 
March, AN oe ana Ga ar 30°57|— 5.4) | 73-28 | > TE OMG So a leoBi04 + 3-48 April, Geet Misty | 48 We ey ee eel igas MOO ey 
May, 3643 | "5.36 | 48°68 17 9.45 | 28°20] 7.39 78°27 |_ o.70 
June, 38°79 | | 1.97 | 48°83 |" o.7¢| 80°00] 1 3.56 | 77°50) 9.43 
July, 40°66 ae 48:07 |" 1.36| 38°56] 4¢7| 75°09] 9.55 
August, . 42°17 Les ACHE) Ty egy SO iat eo e8 | — o. 
September, 43:22 |" 9 79| 44°87|_ 9.94 | 43:65 tees G7:20,| 1 figs 
October, . FAW gl 68 Boag 49 25) teeing 6220 aa 
November, 44:69 40°70 40:33 _ 9.99 54°51 44-93 56°74] 5.99 
December, 45°39 |" 5.59 | 28°04] 5.5| 5944/7 4 gg | 50°84 

7. The yearly mean horizontal intensity increases throughout the period 1842-45 

at Singapore. At Trevandrum it diminishes from the mean epoch August 1842 

to August 1843, after which it increases. At St Helena the yearly mean hori- 

zontal force diminishes from the mean epoch July 1842 till the end of the period July 

1845. Atthe Cape of Good Hope it increases from the mean epoch July 1842 to 

June 1848, diminishes from June 1843 to May 1844, thence increases to June 

1845, diminishing thereafter. At Toronto there was a rapid increase; but as 

VOL. XXII. PART III. 6k 
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this was chiefly instrumental, I have not thought it necessary to give the yearly 
means.* 

8. These results are affected by errors. The alternate increase and diminution 

at the Cape is doubtful, especially the sudden increase after the insertion of a 

new magnet October 1844. We may conclude, however, with considerable cer- 

tainty, that the law of change of the yearly mean force is different at different 

places on the earth’s surface. We may conclude also, especially when the results 

(§ 66) are known, that the yearly mean horizontal force for the whole surface of 

the earth is not a constant quantity. 

9. From these conclusions it follows that the yearly mean change cannot be 

explained wholly by a mere movement of the magnetic poles and of the lines of 

force. As this movement is known to exist, we must conclude that the yearly 

mean change of horizontal force is a complex result, due partly to a movement of 

the magnetic poles, partly to an absolute change of the earth’s magnetic force. 

Monthly Mean Variation of the Horizontal Intensity and Annual Period. 

10. No annual period of horizontal intensity has apparently been proposed as 

yet, carrying with it a sufficient weight to be adopted by physicists as a well- 

determined law. The great errors connected with instrumental changes have 

frequently rendered verification impossible. Erroneous temperature corrections 

also will give false results, even when the observations have been sufficient for 

the determination of the law. Nothing is more probable than to find an apparent 

connection between the maximum and minimum force and the maximum and 

minimum temperature; since, if the temperature coefficient be too great, we shall 

have the observed horizontal force increased in summer; and if it be too little, 

the force will be increased in winter. The error hitherto has been the employ- 
ment of too great a coefficient, and consequent apparent maximum of force in 

summer. 

11. In 1844, having computed the coefficient for the Makerstoun bifilar by the 

process described in the Introduction to the Makerstoun Observations, I obtained 

from the observations for the year 1842, corrected by this coefficient, the 

remarkable result that the horizontal intensity was a maximum near the sol- 

stices and a minimum near the equinoxes. This result, it should be remarked, 

was very unlikely to proceed from an error of coefficient, for the equinoxes (the 

* Copy of Abstracts of Observations made at Simla (lat. 31° 6’ N., long. 5h. 9m. E. of Green- 
wich) under the direction of Colonel Borzzav, is in the Library of the Trevandrum Observatory. I 
haye not been able to discuss these observations satisfactorily, as the temperature of the magnet is 
not given, excepting for 1842. I have, however, taken some pains to arrive at an approximate 
correction, and can state as results that at Simla the horizontal force increased throughout the whole 
period. The curve for 1842 is projected, Plate XXIII.; but the range of temperature in the bifilar 
box is too considerable to allow us to put much value in the conclusion that may be drawn that the 
variations of the monthly means are less than at other places. . 
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times of minimum force) are near the epochs of mean temperature; and one 

maximum was before the time of maximum, the other before that of minimum 

temperature. It was very improbable, however, if the process employed for the 

determination of the temperature coefficient had in this case given such a result 

by chance, that it could happen in any other instance. The Toronto observa- 

tions for 1842 were, however, discussed in the same way as the Makerstoun 

observations, and the temperature coefficient obtained; the observations being 

corrected, the same law was deduced as from the Makerstoun observations.* Not 

only was the resulting law the same, but the monthly changes (omitting the 
secular variation) were nearly identical. 

12. In 1846 I was able to confirm this law by the discussion of the Maker- 

stoun observations for each of the years 1843, 1844, and 1845.+ Iwas able in the 

following years to show the same law from the Makerstoun observations, and 

even to obtain it from Dr Lamont’s observations made at Munich by a wholly 

different apparatus.{ I shall examine this question now more fully, and first 

consider the observations at Makerstoun and Hobarton. The monthly means 
will be found in Table VIII., and they are projected in Plate XXIII. 

* 1845, Trans. Brit. Assoc. 
+ 1846, Jan. 5, Trans. Royal Soc. Edin., vol. xiv. p. 99. The Toronto and Makerstoun results 

are projected in Plate III., vol. xiv. 
t Makerstoun Observations, 1844, p, 357 (foot note). 
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13. The law of variation at both places is as follows :—The horizontal inten- 

sity diminishes in each year from February to March or April, and from June to 

July, August or September. It increases in the other months, the rate of increase 

being least rapid immediately before and after the diminution. This result is 

evidently a combination of the annual and secular variations. 

14. We should now proceed to the examination of the results for other obser- 

vatories. The series of observations at other places have unfortunately been so 

much broken up by accidental causes, spiders within the tropics, adjustments and 

changes of magnets everywhere, that observations for a moderate length of time, 

free from error, are not to be found. I have, however, taken much pains to deter- 

mine the coefficients,* and, if possible, the errors and their amounts for all the 

observations in my possession; the details of these corrections are given in the 

Appendix to this paper. The following tables contain the concluded corrected 

monthly means; they have been projected in Plate XXIII.; and the means in 

the last columns of each table in Plate XXIV. I have also projected the means 

of the Munich Observations 1843-5 in the same plate.+ I shall proceed first to 

examine the mode of variation of the monthly means at the different stations. 

TABLE VII.—MontTHiy MEAN VALUES OF THE HORIZONTAL INTENSITY (minus A 

OS) . 

10060 
CONSTANT) AT TORONTO, 1841-48. 1:00= 

1842. 1844. 1843, 1845. 1846. 1847. 1848. Mon Tus, 

January. : : = did 17-84} 22°02} 50:10) 99-11 |132°85 |152-43 /152:23 

February, : ; é SoC BSOO HE. 50°86 |101:98 |132-00 |148-69 |153°47 
March, . . : : noe 7c ewe ee 48:25 |101:18 |129-76 |146-70 |154:09 
fepril,) : é : Rot Torte! Wa.- 47:62 |100:23 127-81 |144°38 |154:37 
May, ‘ 6 : : tek ZLB ie 54-71 |103°81 |126-47 |146-53 |157-63 
June, . : : : sks 20°54|  ... 64-83 |108-77 |129:41 |150°97 |161-21 
July, . : ; : Bee 12°93)/0 a. 72:00 /109-92 |131-48 |147-61| ... 
August, A 5 5 0-30) 17:05} ... | 77-66 |114-55 |132-77 |148-41 
September, . : : OT) Loh oye ks, 84-60 |118°60 |134-97 |145-64 
October, : : : 6°58] 16:06} ... 90:89 126-03 |138-31 |148-78 
November, : 5 : 10:34] 16-80} 44:09] 94:97 |130-11 |144-76 |147-79 
December, 21°49 100-05 |132:°64 |151-°69 |155-17 

15. Toronto.—The observations were interrupted in February 1843, and when 

resumed after a new adjustment of the magnet in March, it was found that there 

Was an instrumental derangement which appeared to be removed on turning 

* See Bifilar Magnetometer, Trans. Royal Soc. Ed. vol. xxii. p. 467. 
+ Resultate des Mag. Obser. in Miinchen, 18438-4—5. See also Makerstoun Observations, 1844, 

p- 357 (foot-note) ; and General Results (Trans, Royal Soc. Edin., Vol. xix., part ii.) p. xxxiii. 
For convenience of comparison, I shall repeat here the quantities projected in Plate XXIV, and to be 
found in the works cited :— 

Jan. Feb, March. April. May. June. July Aug. Sept. Oct. Nov. Dec. 

—0:29 —0:86 —0:29 —1:58 +265 +2:38 +42: "80 +1:36 ~ 4-91 —3:28 —0:45 41-72 

VOL. XXII. PART III. 6s 
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the torsion circle in October 1843; the position of the mean for November 1843 

relatively to that for January of the same year, has been assumed with some 

reference to Hobarton and Makerstoun. 

16. The variations from August 1841 till February 1843 tieiserda generally 
the corresponding variations at all the other places:* from November 1843 till 

April 1844, the movement resembles that at Makerstoun; after April the force 
increases continuously till December 1844, wanting wholly the inflection towards 

August and September which is shown at Makerstoun and Hobarton (see Plate 
XXIII.); from December 1844 till April 1845, the variation resembles that at 

Makerstoun again; after which, as in the previous year, the force increases con- 

tinuously (with a slight inflexion, however, in July) till December 1845. 

17. This movement (1843-5) at Toronto is very remarkable. It is small from 

November till April in each of the two years, resembling that at Makerstoun; it 

is large in the remaining part of each year, not resembling at all the movement 

at Makerstoun. It is impossible to determine whether this difference is real; but 

it is very difficult to suppose that an accidental cause of movement should operate 

at exactly the same epochs in each of two years. I have not in my possession 

the observations for 1846, &c., of the bifilar magnet, though the monthly means 

of the bifilar are given in vol. ii. of the Toronto Observations. From these, after 

an approximate correction, I am induced to believe that the difference shown in 

1844, 1845 (April to December), between the Toronto and Makerstoun movements 

is not shown in the following years.} 

18. Care or Goop Horr.—tThe series was interrupted in April and November 

1848, again in October 1844, when a new magnet was employed. The movement 

resembles generally that at Makerstoun and Hobarton from October 1841 to 

October 1843, but with a less secular increase after May 1842; from November 

1843 till March 1844, the force diminishes continuously, differing wholly from the 

other two places; but from March till September 1844, the law of movement 

resembles that at Hobarton and Makerstoun. At this time (October 1844) a new 

magnet was substituted, and the force increased rapidly and continuously from 

* It should be noted that the monthly means depend upon hourly observations, excepting in the 
following cases, which depend on two-hourly observations :—Toronto, 1841 till July 1842 ; St Helena, 
1841 till September 1842; Trevandrum, 1841 till February 1842; Singapore, till June 1842; and 
in the case of Makerstoun, where the monthly means 1841—2 depend on 4 three-hourly observations ; 
18438, on 9 two-hourly observations; 1846, on 9 two-hourly observations; 1847, on 5 three-hourly 
observations; and 1848-9, on two observations daily. For this reason the means at the different 
places are not strictly comparable. 

+ I have corrected the Toronto Observations for 1846, 1847, and till June 1848, at which date 
the observations stop in vol. iil. (received since this paper was written). These are added in Table 
VIL., and have been projected (Plate XXIII); they show so considerable a resemblance to the obser- 
vations at Hobarton and Makerstoun as to render it probable that the different character of the move- 
ment in 1844—5-6 was due to instrumental causes, a supposition which is rendered more probable 
by the great difference between the temperature coefficient derived from the usual observations and 
from hot and cold water experiments. 
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September till February 1845, after which it diminished rapidly and continuously 

(with slight inflections) till June 1846, the end of the series. 

TABLE VIII.—Montaiy MEAN VALUES OF HORIZONTAL INTENSITY (minus A 

ee 
10000° 

CONSTANT) AT THE CAPE OF GooD Hope, 1842-46. 1:00= 

Means. 

Monras. 1842, 1843. 1844. 1845. 1846. || —————_-___——— 

182-45-/1843-46. 

January, ‘ : : 29-03] 48:29| 34:04] 84:10] 49-54] 48°87 | 53-99 
February, : : : 29:93 | 46:82) 28:37] 90°26] 40°70), 488-4) 51-54 
March, . : ; : 37°73| 45:97 | 20:35] 88-48 | 32:91] 48:14) 46:93 
209) : : 5 36°95 | 47-48| 19:13] 84:90) 22-11] 47:11} 43-40 
May, ; : ‘ ; 43°85| 49°73 | 22°80) 83°71| 13-77 || 50°02| 42:50 

June, . : ; é 43°43} 54:13} 26:02} 83°38) 11:77 || 51°74) 43°82 

July, : < ; : 39:43] 50°38) 24-27) 78°71] ... 48:20] ... 
August, . : - 42°70) 50°62) 17:97; 74:93)... 46°55 
September, . A A 42°39 | 49:18] 15-66| 67-58| 1841. || 43°70 

October, A 5 , 44-01 | 48°82) 33:17] 64:74| 0°86 || 47°68 

November, . : ; 42°88 | 50°38| 58°06] 62°57} 11:93 | 53-47 
December, . : , 46:04 | 42-26| 77:97| 55:04 | 20-21] 55-33 

19. The movement at the Cape after November 1848, like that at Toronto 

during the same period, is very remarkable; and it is difficult to determine to 

what extent the great increase before February 1845, and decrease after that 

epoch, are real phenomena. The introduction of a new magnet, if the old wires 

were used, would render an apparent decrease of force after its insertion most 

probable. No explanation can be offered by me for the sudden decrease com- 

mencing after February 1845. 

20. Sr Hetena.—tThe series was interrupted in February 1844. The move- 

ments from December 1841 till February 1842 resembles generally those at the 

other places; the mean for March 1843 shows a slight increase from January, 
whereas at all the other places it is a decrease; from June 1843 the force decreased 

till January 1844, when there was an adjustment. From November 1848 till 

September 1844 the movement at St Helena resembles that at the Cape; from 

June 1844 the force diminishes, with slight exceptions, till December 1845 (the 
end of the series in my possession). The exceptions indicate maxima between 

December 1844 and February 1845, and in June and November 1845. 

21. When we compare the movements at St Helena and the Cape, we find the 

following differences. The force increased at St Helena till March 1842, after 

which it began to diminish: first gently; then, after June 1843, more rapidly; it 

then increased till June 1844, diminishing thereafter. At the Cape the force 

increased rapidly till the month of May 1842, two months after the turn at 

St Helena; it then increased slowly till June 1843, during which period the force 
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was nearly constant or diminished slowly at St Helena; it then diminished more 

slowly till October, and from November till March more rapidly than at St Helena. 

The movement from March till September1844 resembles that at St Helena. 

TABLE ITX.—MontTuty MEAN VALUES OF HORIZONTAL FORCE (minus A CONSTANT) 

x 
AT St HELENA, 1842-45. 1 00=sp000 

MONTHS. 1842. 1843. 1844, 1845. Means. 

January, : 5 ‘ 66:38 66:98 38°1 23:9 48:84 

February, ; ’ ' 64:86 64:66 [32-3] 27:2 47°25 

March, . , i ‘ 70°44 66:98 27:4 23°9 47-18 

Apuil,, ; «. 4 . : 68°18 66°51 30°8 20°3 46°45 

May, x 5 : ; (2°62 65:05 35'3 20-7 48:39 

June, . : F 3 70:25 65:77 395 229, 49:43 

July, : : . : 63°99 61°54 Sy/ 18-8 45:38 

August, ‘ j ‘ 65°58 56:91 33°2 15:2 42°72 

September, ; i : 63°60 Ray )7/ 31:9 11-0 40°44 

October, : : ; 64:88 52°35 Pray £8) 38°71 

November, h : ‘ 63°60 49-40 25'8 10°4 37°30 

December, 3 4 ; 66:07 44:00 Q7°-4 5:9 35°84 

December 1841 = 57-76, 

22. On the whole, the variations of force at the Cape and St Ilelena confirm 

each other (with some small exceptions) from 1841 till September 1844. This 

general agreement renders it probable that the unusual movements shown at the 

Cape after September 1844, which differ so completely from the movements for 
the same time at St Helena (and at every other place), are chiefly instrumental. 

It has already been pointed out by me* that the results at St Helena may be 

affected by the magnetic character of the whole island. At present, however, I 

feel inclined to believe that any effect due to this cause must be of a very minute 

kind; and I would rather attribute the small differences of the movements 

observable at the Cape and St Helena, in the period before September 1844, to in- 

strumental causes acting at the latter place, if they may not always be explained 

by variations due to the cause of the secular change. 

23. It is obvious, [ think, that even in the first period (before September 1844) 

the movement (continuous increase or diminution) which we attribute to the 

secular cause, does not commence or terminate at exactly the same epochs at 

these two places. Both at the Cape and St Helena (as, indeed, at Toronto) the 

progressive movement appears to be interrupted and inverted by the annual move- 

ment; on this account it must be very difficult to disengage the annual law from 

a variation which has no certain period, and which commences to act or ceases to 

act at different times at places not very distant, such as the Cape and St Helena. 

* Makerstoun Observations 1644, p, 395 (foot-note). 
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24. It ought to be remarked, that the part of the secular variation which is 

due to the movement of the poles of force will depend not only on the amount of 

that movement and its direction, but also on the angle which the isodynamic 
lines make at the place with the direction of motion of the poles. 

TABLE X.—Montuiy MEAN VALUES OF HORIZONTAL FORCE (minus A CONSTANT) AT 
x 

SINGAPORE, 1842-45, 1 00 = 70000 

Monthly Means. (Monthly minus Yearly Means) plus 5:00. 
MONTHS. 

1842. 1843. 1844. 1845. 1842. 1843. 1844. 1845. | Means. 

January, : : 5:63} 21°36] 23:91} 30:03; 10:09; 11-45] 6:58 | 3-88 | 8-00 

February, . ‘ 4:09 | 17:32| 24:47] 33:42) 7:34] 6-61] 6-24 | 653 | 668 
March, : : 5:40| 15:°57| 22°58) 33:66| 7:44) 4:26] 3-58 | 6:00 | 5:32 

April, A ‘ 3'°32| 14:24] 22-29] 33:04; 3:10| 2:38} 2°55 | 4:51 | 3:13 

May, . , ; 7:94| 14:21) 24-70| 34:06] 6:14] 1:81) 4:46 | 4:55 | 4:24 

June, . : b 7:76! 16°60} 28:10} 37:10} 4:63) 3-79] 7:27 | 6-79 | 5-62 
July, . 5 A 5°73) e700)! 28°97) 37-3 1:06| 3-94) 7:51 | 6:20 | 4-68 

August, : : 9:65| 17-46| 26:94] 36-61| 3-77) 4:02] 4:86 | 4:70 | 4:34 

September, . : 10°74) 17:20) 27°20) 36:06) 3°88) 3:21) 4:28 | 3:35 | 3°68 

October, : : 13:37 | 19:94| 26°67] 38:36} 5:-64| 5:27] 2°84 | 4:85 | 4:65 

November, . A 15°48} 22:16| 27°76| 39:59| 7:03) 6-79] 3-09 5:28 | 5:55 
December, . } 19:12| 22-13) 30°79] 88:15| 10:04| 5:78] 5:37 | 3:04 | 6:06 

25. SINGAPORE.—The movement is a gradual and slight increase of force from 

the commencement to the end of 1845, being most rapid in the end of 1842, as in 

the other places. Maxima are generally shown near the solstices, and minima 

near the equinoxes. 

26. TrevANDRUM.—The movement resembles on the whole that at Singapore, 

the force diminishing, however, in 1843, and then increasing more slowly than at 

Singapore. The appearances of maxima near the solstices and minima near the 

equinoxes are also evident as at Singapore. 

27. On the whole, the movements at Trevandrum and Singapore confirm each 

other: it must be remembered, however, that the observations at both places have 

undergone several corrections for accidental errors, spiders and movement of tele- 

scope at Trevandrum, and unknown causes, perhaps movement of telescope, at 

Singapore. The means for these two places are therefore not wholly trustworthy ; 

the limits of error are probably small, but there is no doubt that there are several 

errors due to spiders and movement of telescope uncorrected at Trevandrum, and 

probably also at Singapore. 

28. Stm~A.—The movement at Simla for 1842 resembles much that at Singa- 

pore and the Cape, being nearly a mean between the two. ‘The dotted line (Plate 

XXIII.) is a mere approximate correction, the temperatures having been obtained 

VOL. XXII. PART III. 6T 
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from those for the barometer: it confirms generally the results at Trevandrum 

and Singapore. 

TABLE XI.—MontHiy MEAN VALUES OF HORIZONTAL FORCE (minus A CONSTANT) AT 
xX 

TREVANDRUM, 1842-45. 1:00= 10000" 

Monthly Means. (Monthly minus Yearly Means) plus 5:00. | 

MoNnTHS, | 

1842. 1843. 1844, 1845. 1842. 1843. 1844, 1445. | Means. 

January, f é 9-73) 12:57) 4:45 O66 | O13. | 11°43) 5:35. | 2B ey ae 
February, . : 6°58| 9:11] 5-60 | 10:23] 5-48 8:41} 6-14 | 6°70 | 6:68 
March, . : : 10:54} 4:13] 3:02 | 11:14] 8-94 3'86| 3:34 | 696 | 5:77 
April, . 5 : 746) .O pez td 785)| 5°36 0:23] 2:39 | 2:98 | 2-74 | 
Maya i : - 10:19| 0:25] 3-54 | 12:46] 7-59 0°63] 3:97 | 6:61 | 4°70 | 
June, ° ; F 7:97) 1:83] 6-82 | 13°66} 4:84 2:57| 7:28 | 6:89 | 5-40 

July, 1. ; : 3°99| 0:13] 6:10 | 13°62] 0°53 1:16) 646 | 6:01 | 3:54 
August, : - 7°98| 1:58] 4:13 | 12:87) 4:30 3°36 | 4:25 | 4:36 | 4:07 
September, . : 6°43} 2°58] 5°15 | 12°00) 3°91 4°55| 4°74 | 2:59 | 3°95 

October, 0 : 8-86| 4:68] 3:01 | 13°13) 5:91 6-61| 7°98 | 2°82 | 5:83 
November, . ‘ 9:49} 585] 4:14 | 17-27| 7:28 7:56| 746 | 6-06 | 7-09 
December, . . 10:93; 5°99] 6:97 | 15:58) 9°39 7°36| 5:28 | 3:47 | 6:38 

29. In examining the values projected in Plate XXIIL., it will be remarked 

that all the observatories show a large increase of force in the end of 1841, and 

that it is only at St Helena and the Cape, after June 1843, that any decrease of 

force is marked. The space included by these observations leaves the whole 

Pacific and South America untouched; but as far as they go they show in the 

end of 1841 an increase of force everywhere, and in the mean of the whole a 

considerable increase of force throughout the whole period.* It would be diffi- 

cult to make a satisfactory hypothesis as to the movements of the poles of force 

which alone would satisfy these results. 

30. ANNUAL VARIATION.—In order to eliminate the secular variation, we would 

require to know its law; this could only be obtained by an empirical process. I 

have preferred adopting the following method. The yearly mean corresponding 

to the middle of each month was obtained, as in the following formula, for the 
middle of July 1842 :— 

(1842) Jan.+2 Mar.+...... +2 Dec. +Jan. (1843.) 

* It may be supposed that the increase everywhere shown in the end of 1841 might have been 
in some way connected with the commencement of the series; but I think there is no ground for this 
supposition, The observations were commenced early in 1841; the magnets were removed monthly 
from their stirrups for observations of absolute intensity ; and any tendency to stretch in the wires 
would have been got rid of in this frequent manipulation. At Toronto, indeed, the second month 
projected (September 1841) shows a diminution of force. I think there is every probability that the 
increase was a real increase of horizontal force at all the stations. 
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Where (1842) January represents the mean force for that month; 2 February, 

twice the force for February, and so on; the difference betwixt the yearly means 

thus obtained and the corresponding monthly means were then taken, and these 

differences, plus a constant quantity (that all may have the same sign*), are entered 

in Table XII. This method, it is evident, is equivalent to making a line parallel 

to that of the yearly mean values, the axis of z; and we may consider the ordi- 

nates from this line to that of the monthly mean differences as varying with 

season. 

* I adopt this in preference to giving the quantities with the algebraic signs 4 and —, since 
some persons in glancing at such results may fail to perceive a maximum if it has the negative sign 
prefixed. 
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32. An examination of these numbers and the corresponding curves will show 

in each case that there is an annual period of horizontal intensity, consisting of 

two maxima and two minima—the maxima near the solstices, the minima near 

the equinoxes; the principal maximum being sometimes at the December solstice, 

sometimes the June solstice. The most marked minimum in the pairs of years 

has been in September or October. 

33. When we examine the observations, especially the daily means, it will be 

obvious that the exact epochs, as well as the values of the maxima and minima 

for different years, depend greatly on the disturbances: if these are greater near 

the winter solstice than near the summer solstice, as they generally are, the winter 

maximum will become less marked than it ought to be, since the principal dis- 

turbances are negative at all places. 

34. I have calculated the constants for the annual curve at Makerstoun and 

Hobarton from the monthly means for the four years July 1844 to June 1848 

(the longest period of years at Hobarton without any break in the series of obser- 

vations), by the formula, 

y=a,+4, sin (+c¢,) +a, sin (2 6 +¢,)+a, sin (36+ ¢,), - , : ‘ Ci) 

The resulting equations are (= 0, July 16), 

Makerstoun, 

y= 5°20 + 1-66 sin (0 + 161° 47’) + 2:98 sin (204 129° 34’) + 0°80 sin(304+31°42) 2.) 

Hobarion, 

y= 4:90 + 1-64 sin (8+ 217° 38) + 2:54 sin (24 + 129° 11’) + 0°45 sin(304+172°46’) 3.) 

—the values of @ being in ten-thousandths of X at the respective places. 

35. If we consider the partial curves we find, 

Makerstoun, the maximum May 4; the minimum Nov. 3. 
Hobarton, ss Mar. 9; Be Sept. 8. 

It should be remembered that the Hobarton result is derived from hourly observa- 

tions, whereas at Makerstoun in 1846-7-8 there were only a few observations 

daily (see 16 ; foot-note). 

36. The annual period from the partial curve at Hobarton has its maximum 

near the March equinox and its minimum near the September equinox. This, 

however, is not satisfied at all times, since in some cases the spring minimum of 

the whole variation is as marked as that in autumn. 

37. For the double curve at ( the maxima are June 29, and December 26. 

Makerstoun and Hobarton, the minima are March 27, and September 25. 

This is the most important movement; the coefficient is about one-seventh less at 

Hobarton than at Makerstoun, but the epochs are the same at both places. This 

curve at both places has its maxima a few days after-the solstices, and its 

minima a few days after the equinoxes. 

For the single curve at 

y 
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38. If we consider the total curve as derived from the three partial ones, we 

find the epochs of maxima and minima as follows :*— 

Makerstoun. ‘Hobarton. 

Principal minimum , : October 1 : : : September 16 
Maximum : ‘ ‘ A December 22 . : 5 January 9 
Minimum i : , 5 March 6:5 P , F April 4 
Maximum : A ; : June 30°5 , , ; June 17 

For the total curve, therefore, we have as before the epochs of maxima near the 
solstices, and of minima near the equinoxes. 

39. The monthly means for the period 1842-45, as given in the last columns of 

Tables VIII. to XIL., have been projected in Plate XXIV.; from these we may 

conclude for the horizontal intensity,— 

1st, Makerstoun and Hobarton. 

Maxima in June and January. 
Minima in September and April. 

2d, Munich. 

Maxima in June and December. 

Minima in September and March. 

It should be remembered that Dr Lamont’s instrument is not a bifilar, but a 

* The usual method to determine the epochs of maxima and minima is to obtain by approxima- 
tion the roots of the equation to the maximum or minimum. The following method has been 
adopted by me for the computation of the above epochs :— 

Let the general term of the equation (1) to the curve be 

p;= 4, sin (16+ ¢,), 

and let 
gi=4, cos (16 + ¢;). 

If, then, we obtain an approximate value of @ for the maximum (or minimum) from the projected 
results (observed or calculated), and substitute this value in the above equations, and if « be the 
correction of the approximate value of 6 to the true value, we shall have 

hq: 

La dp! ? 

or, for a very accurate determination, 
1 

“= FZ3. <2, 
2°q; . Sip; 

D5. Sig. 

In the same way we may obtain the correction @ of the approximate epoch for the mean value of y 
from the equation 

and for points of contrary flexure, which ought not to be neglected in some cases, we have the 
correction «’ to the approximate epochs substituted as before in the values of p,, q; 

2 
Aes 2 

3°; 
These values are easily calculated with the aid of a table of natural sines to three decimal places for 
every 15’ of the circumference, and of a table of multipliers like Crexur’s, 
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unifilar magnet deflected by two bar magnets, so as to make a large angle with 

the meridian. As the suspension thread is of silk cocoon fibre, and the possible 

error from the smallest change in its structure from continued tension consider- 

able, the directive force being small, the confirmation of epochs is in this case 

the more marked. 

3d, Cape of Good Hope, 1842-45, uncorrected for secular change. 

Maxima in December and June. 

Minima in September and April. 

Our examination of the monthly means will have shown how impossible it is in 

this case to make any correction for the secular change: the coincidence in the 

epochs derived from these means seems purely accidental. 

4th, St Helena, 1842-45, uncorrected for secular change. 

Maximum in J une, 
Minimum in April. 

The same difficulty occurs in this case for the secular correction as for the Cape, 

though to a less extent: the existence of the minimum in September and the 

maximum in December is barely indicated by a diminution of the rate of decrease 

of force after July, as will be seen in the dotted curve below that for St Helena 

(Plate XXIV.), which shows the change from one monthly value to the next fol- 

lowing. No satisfactory result can be obtained for the annual law where the 

secular variation changes its rate and sign during the period considered. 

5th, Singapore. 

Maxima in January and June. 
Minima in April and September. 

6th, Trevandrum. 

Maxima in December and June. 
Minima in April and August. 

40. The maximum in June and minimum in September are less marked at 

Singapore and Trevandrum than at Makerstoun, Hobarton, and Munich, or than is 

indicated generally at the Cape and St Helena. Though this may be due, to some 

extent, to instrumental causes, it is probably partly a consequence of the less 

effect of disturbances on the mean force near the equator. 

41, The double epochs may be considered to exist in all the series in spite of 

the various errors or movements that cannot easily be eliminated.* That the 

variations follow the same law everywhere, independently of the secular change, 

may be best shown by an example. The year 1845 exhibits considerable differ- 

ence in the character of the monthly variations (see Plate X XITI.); let us then 

consider the differences of the values of each month with that following it, in 

the year 1845; these differences are projected in Plate XXIII. It will be seen 

* The means of the Toronto Observations, July 1846 to June 1848, corrected for secular 
change at the rate of — 1°33 per mensem, are projected in Plate XXIV. 
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that the curves thus formed agree wonderfully in their inflections—the increasing 
rapidity of diminution of force at the Cape being indicated by a descending 
curve; the increasing rapidity of increase at Toronto by an ascending curve; the 
slight differences at Trevandrum and Singapore are, I have no doubt, due to 
instrumental errors. 

42. On the whole, it seems probable that the monthly mean variations, inde- 
pendent of secular change, obey the same law. It does not appear from the 
curves last considered that the range of these variations is diminished near the 
equator, though the variations for Singapore are somewhat less marked than at 
the other places. If we take the variation of the monthly means from maximum 
to minimum and minimum to maximum for the years 1842-55 (see the projec- 
tions, Plate XXIV.) we find the range at Trevandrum and Singapore less than 
for higher latitudes. Thus— 

TABLE XIV.—RANGE OF ANNUAL PERIOD. 

eae Jan. to June to June to Jan. to 
April. April. | September. | September. 

Makerstoun, . . . 5°31 6:20 6-70 5:90 

Hobarton, . 2°). *: 4:30 4:40 6:00 5:90 

Munich; o>, Sa. 3°20 4:40 6°70 5:40 

Smgapore,;. y . 4:90 2°50 2°00 4°30 

Trevandrum, . . . 4:40 2-70 2°00 4:70 

43. These are the approximate variations; and were the Singapore and 

Trevandrum results as trustworthy as the others, we might conclude at once 

that the range was less in low than in high latitudes. We shall see afterwards 

the effect of disturbance on the daily means near the equator, already referred to 

as a cause for such a diminution. 

44. On account of the doubt as to the perfect accuracy of some of these 

results, I have not thought it necessary to compute the representative equations 

of sines. 

45. It is always desirable, when a law has been found differing from that 

obtained by others, that we should not only give good grounds for our own con- 

clusion, but, if possible, show the error or insufficiency of the one opposed to it. 

The only results with which I am acquainted, which it appears to me merit 

examination, are those obtained by General Saxnine from the observations of 

absolute horizontal intensity made at the Colonial observatories. 

46. These observations, it should be remarked, are affected by the error of 
VOL. XXII. PART III. 6x 
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the bifilar temperature coefficient, as they are reduced to the mean bifilar for the 

month, which mean is corrected to a constant temperature; this error, it may be 

supposed, will obey some law depending on the mean temperature, or the amount 

of its variation during each month, which will have a single period, and be 

included in the term a, sin (#+¢,) of the equation (1) of sines; whereas we may 

expect, if the observations are sufficiently numerous, that the term a, sin (26+ ¢,) 

will be little affected. On this ground I have discussed the observations of abso- 

lute intensity made at Toronto, the Cape of Good Hope, and Hobarton: those 

which merit the greatest consideration, on account of the number of observations, 

are from the Toronto Cbservatory. 
47. Annual Period from Observations of Absolute Intensity, Toronto.—General 

SaABINE has discussed the Toronto monthly means for the years 1845 to April 

1849 in the Transactions of the Royal Society, 1850 (p. 205), and the means for 

the years 1845 to 1852 in the Introduction to the Toronto Observations, vol. ii. 

(p. xc); in the latter he has however omitted the observations for 1852, on 

account of a considerable change in the monthly values after April 1852. I 

have not been able to see the propriety of this omission, as,the changes in other 

years for an interval of two months (as May to July, June to August, September 

to November, 1850) are even greater than those from March to May 1852. In 

order, however, that the result may not depend on the rejection of the observa- 

tions for this year, I shall consider the means both inclusive and exclusive 

of 1852. 

48. The following are the monthly means (1845-52) with secular change 

eliminated at the rate of 0-00035 per mensem, mnus the lowest mean (that for 

October), the monthly means 1845-51 according to General SaBrne’s discussion ; 

and (I have added) the monthly means for Makerstoun (from the bifilar) for 

the eight years 1842-49, all reduced to the units | 

TABLE XV.—ANNUAL PERIOD FROM OBSERVATIONS OF ABSOLUTE INTENSITY AT 

TORONTO. 

PLACE, Years. | Jan. | Feb. | Mar. |April.| May. | June.| July. | Aug.| Sept.| Oct. | Nov.| Dec. 

Toronto, . . |1845-52| 5-4] 1-1} 9:1) 1-7 |13-0| 9°6| 7:9) 8-2) 3:1| 0:0) 3°7 Gr 

Makerstoun, . | 1842-49] 5:3) 8-9| 3:1] 2°5| 6:2| 88| 6:6] 3:3] 0-4] 0:0| 2°5| 56 

Toronto, . . | 1845-51 | 4:2) 0-8) 9-3] 8-5 |15-0 /15-5 |11-0| 9°3| 3-°7| 0-0] 3°7| 6°6 

49. If we compare the results at Toronto 1845-52 with those at Makerstoun 

1842-49, it will be obvious that the most marked difference is to be found in the € 

high value for March at Toronto; there can be no doubt, however, thatthe — 
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maximum in December is as well shown at Toronto as at Makerstoun. The 

coincidence in these results, it appears to me, is quite remarkable. It is, indeed, 

to some extent accidental, since the errors of the observations are not only con- 

siderable (as an examination of the partial results will show), but the correc- 

tions for temperature employed in the reductions are very inaccurate.* 

50. I have computed the constants in the equation of sines for the mean of 

the eight years, and find (¢=0, Jan. 16)— 

X = 38-5301 +0:0008 sin (9+ 315°) + 0-0011 sin(20+185°); . . (4) 

or, putting the coefficient of the last term in ten-thousandths of X, it becomes— 

SInX 2d Uab ame Fe apmet et ee oat es Bre ace op) 

which gives the same epochs for the double maximum and minimum within 

three days as the Hobarton and Makerstoun results (§ 34), the coefficient being 

slightly greater. 

51. If we examine General SaBine’s means (1845-51) in a similar manner, we 

shall find— 

X =8-5309 + 0:0020 sin (0+ 313°) + 0-0010 sin (20+1559), . . (6) 

and the last term with the coefficient in ten-thousandths of X becomes— 

2°83 sin (264+155°). 4 ; ; ; ; F . ‘ (7). 

52. If we compare this also with the corresponding terms for Makerstoun and 

Hobarton, we shall find that the coefficient for Toronto has a value nearly equal 

to the mean of the two, and that the epochs of the double maximum and mini- 

mum at Toronto are within thirteen days of those at the two other places. 

53. Annual Period from Observations of Absolute Intensity, Cape of Good Hope. 

—The observations of absolute intensity made at the Cape of Good Hope are 

* T have taken the trouble to deduce the absolute force for the year 1845, the only year for 
which the data are in my possession, so as to eliminate the error due to the bifilar temperature 
coefficient. The following are the values in absolute measure from the Toronto volume, and 
according to my corrected computation :— 

Jan. | Feb. |March./April.| May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. 

minus 3°5370, 

Corrected by me, 
minus 3°5385, 

Toronto volume, 
0027 |-0022 |-0047 |-0025 |-0041 |.0093 |-0033 |-0035 |-0032 |-0042 |-0000 |-0031 

0025 |-0005 |-0035 |-0021 |-0049 |-0063 |-0056 |-0024 |-0011 |-0010 |-0000 |.0040 

The law is evidently to be traced even in these results; the greatest error of a monthly mean is that 
for July, =0:0038, or in ten-thousandths of X, =10-8. The errors are chiefly due to the difference 
between the mean temperature of the bifilar for the three days on which the absolute observations 
are made and for the month; in July, for example, this difference is 9°0 Fahr. 
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from November 1846 till February 1850, but with no observations in the months 

February to June 1849. The following are the changes from month to month of 

the absolute values :*— 

TABLE XVL—Montuiy CHANGES OF HORIZONTAL FORCE AT THE CAPE OF GOOD 

Hops, FROM OBSERVATIONS OF ABSOLUTE INTENSITY. 

MONTHS. 1846. 1847. 1848. 1849. 1850. Mean. 

December to January, . . . ae — 0002 | +-0009 | +-0029 | —:0137 | —-0025 
January ,, February,. . . oe — ‘0055 | —-0050 ph +°0012 | —-0031 
February © ;,, March,’ ©". *.)": as —'0009 | + -0026 53 as + 0008 
March 3, april, cies ats —°0027 | +:0004 Bee a —:0011 
April Bet NLA Aci gt tata _ +:0019 | +-0029 Bh a's +0024 
May » June, . +0038 | +:0015 es As +:0026 
June » duly, ae Pe —0007 | —:0051 a are —-0029 
July by) AADOUBE «ae ef f.. — 0008 | +-0038 | —:0021 aR +0003 
August ,, September, . . eis — ‘0054 | —-0008 | —:0033 wee — 0032 
September ,, October, . . . Pee — 0038 | —:0062 | —-0027 on — ‘0042 
October ,, November, . . wes —'0016 | —:0049 | —-0008 ae — ‘0024 
November ,, December, . . | +:0007 | —:0009 | +:0020 | +:0012 Bas +0008 

54. If we assume the value for January to be 0:0107, we shall obtain the 

values for the other months as in the second column of the following table; by 

repeating the month of January we find the secular change for one year to be 

—(0-0124; correcting the quantities in the second column at the rate of +0-00103 

per mensem, and subtracting the resulting value for February from all, we 

obtain the quantities in the third column. 

TABLE XVII—MonTHLY VARIATIONS OF HORIZONTAL FORCE, DEDUCED FROM 

TABLE XVI. 

MonrTuHs. Mean. meray eh 

January, . : 4 ‘ ; 0107 "0020 
February, . 3 5 : : “0076 “0000 
March, . ; : ; ‘ "0084 -0018 
April, 5 ; 3 : . 0073 0017 
May, : : : ; : ‘0097 0052 
June, - : : : ‘ 0123 “0088 
July, é " : : 4 0094 “0069 
August, . : : ; : 0097 0083 
September, : ; - : "0065 °0061 
October, . ; ; 5 ‘ 0023 “0029 
November, : 5 : : “0000 -0017 
December, : ! : ; “0008 "0035 

* See Cape of Good Hope Magnetical Observations, vol. i. Table xxxvi. p. xx. 
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55. These quantities, by the equation of sines, give (#=0, January 16) 

X= 4-4921 +0-0035 sin (9+ 261°) + 00018 sin (26 + 111°). (8) 

Considering again the last term (which we may suppose as before to some extent 

independent of error of corrections) in units of aaa we have 

2°84sin(26+111°), . : : : ‘ : : ‘ : (9) 

Comparing this with the mean result for Makerstoun and Hobarton, or 

ZU REN ELSA DEB yon Raorhark Soke dt attain nat ik bie eh gt aT (0) 

we find nearly the same coefficient, and the same epochs for the double maxi- 
mum and minimum within nine days. 

56. Annual Period from Observations of Absolute Intensity, Hobarton.—There 

remain now only the observations at Hobarton to discuss. These observations 

were made during the five years 1846-50; and the result obtained by General 

SaBINE is just the reverse (as he has pointed out*) of that he obtained from 

the Cape. 

57. Only one observation was made monthly in 1846 and till April 1847; from 

April 1847 till October 1848, three observations were made monthly ; from 

November till the end of the series, one observation was made weekly. From 

the commencement till October 1848, the observations were made at the begin- 

ning of each month; and as the observations were reduced to the mean bifilar for 

the month, or that corresponding to the middle of the month, there will generally 

be an error on account of the difference of bifilar temperature for the two epochs, 

and the error of the temperature coefficient employed. I have attempted to 

correct this error, but the data are not sufficient, and there appear to be accidental 

errors, which could only be corrected by reference to the original observations.+ 

Thinking it possible that the accidental errors might destroy each other, I have 

taken the results as they are in vol. il. (Introduction, pp. 39, 40). In order that 

the value of the determinations for each month might depend on the number of 

observations made, I have given the change of the force from any one month to 

the next following, a value equal to the sum of the numbers of deflections made 

* Cape Observations, vol. i., p. lxxi. 
+ The bifilar temperature is not given with the observations of absolute intensity, In attempt- 

ing to determine this temperature by the date and the ordinary hourly observations, it appears to me 
that there are several errors in the tables. Thus, as to the dates 1847, March 24 08, August 14 0b, 
September 54 0", October 34 04, &c. &c., of Hobarton time, they are all noon of Sunday, when no 
observations were made; the days are perhaps Gottingen time, and the hours Hobarton time? Again, 
the bifilar readings given as those during the observations 1846, April 84 12; 1847, February 240", 
March 12 0, April 1¢ 08, December 34 0", December 44 04, &c., appear to be erroneous; in some 
cases, perhaps, the error is one of 10 divisions. 

VOL. XXII. PART It. 6Y 
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in the two months; that is to say, if six deflections were made in February and 
six in March 1848, the change, February to March, had a value of twelve.* 

58. The following are the changes with their values :— 

TABLE XVIII.—Montuty CHANGES OF HorIZzONTAL FORCE aT HOBARTON, FROM 

OBSERVATIONS OF ABSOLUTE INTENSITY, 1846-50. 

MONTHS. : : ; ; 5 Resulting 

Value.| Change. |Value.| Change. /Value.| Change. | Value.| Change, | Value.| Change. iw 

Jan. to Feb, . 3 |+-0144) 3 |-—-0033|] 12 | + -0034 18 |+-0003/ 18 |—-0053 | —-0005 

Feb. ,, Mar., 3 |--0133| 3 |—-0044| 12 |—-0043}) 16 |—-0020! 16 |—-0016 | —-0032 

Mar. ,, April, 3 |-—-0019| 9 |—-0022| 12 —-0022] 16 |+-0006/} 18 |+-0013 | —-0013 

Apr. ,, May, 3 |+-0004| 12 0000} 12 |+-0018] 18 |—-0016| 16 |+-0004 0000 

May ,, June, . 3 |—-0046| 12 |+-0007} 12 |—-0009; 18 |+-0003| 14 |+-0012)|+-0001 

June, July, . 3 |+-0045/ 12 |—-0002) 12 |—-0025/ 16 |+-0017| 18 |+-0032);+4+-0011 

July ,, Aug:, 3 |—-0008/ 12 |+-0010; 12 |+-0025} 18 |—-0022} 18 |—-0036| —-0016 

Aug. ,, Sept., 3 |—-0003) 12 |—-0014} 12 ,+-0048] 18 |—-0004| 16 |+-0023 | +-0012 

Sept. 3) Oct; 3 |+-0014| 12 |—-0001|) 12 |—-0051} 18 |+-0013} 18 |—-0025| —-0013 

Oct. ,, Nov. 3 {+-0002| 12 |—-0004| 16 |+-0012; 18 |+-0002| 18 |+-0013| +-0006 

Nov ,, Dec., 3 |4+-0006; 12 |+-0018) 18 |+-0029) 16 |+-0005; 18 |+-0010 rage a 

59. Considering the value for January as ‘0040, we obtain the following vari- 

ations: — 

TABLE XIX.—MontTHLY VARIATIONS DEDUCED FROM TABLE XVIII. 

MonrTH. Mean. Month. Mean. 

January, . : : -0040 July, . ? : 3 -0028 

February, : ( 0035 August, ; : E ‘0012 

March, : A : 0003 September, : 4 0024 

April, : : : ‘0000 October, . : - 0011 

May, . : . : 0001 November, . : : 0017 

June, . $ : - 0012 December, . : 4 0032 

General SaBineE finds the secular change (giving the month’s equal values) for 

twelve months =—-0006. The yearly means (excepting that for 1846, which 

depends on only twelve observations) would give about +-0004. So that in any 

case we may neglect the secular change as small. 

60. Treating the preceding quantities for the equation of sines, we obtain— 

X=4'5025 + 0:0011 sin (6+ 133°) + 0:0018 sin (20+83°);  . : : (11.) 

* This is the same as if each whole observation had a value, since each complete observation 
was made up of two deflections, excepting in 1846, and January to March 1847, when three deflec- 
tions were made to complete the observation. 
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or for the last term, putting the coefficient in jo999: we have :— 

DOGG OS), i wk nl) fae Ee: Ley ClO 

This coefficient agrees nearly with that for Toronto, the Cape, Hobarton, and 

Makerstoun, but the epochs of the maxima and minima differ twenty-three days 

from those for the last two places. 

61. We may place the results for the second term thus :— 

Epochs of 
Maximaand Minima 

PERC after the days of Solstices 
and Equinoxes. 

Bifilar observations, Makerstoun (1844-48), é , 298... 3 . 64 
se Hobarton (1844-48), Y : 254 . : 2/16 

Absolute intensity, Toronto (1845-52), : : 312. ; 23 
Bs The Cape (1847-49), ; : 2:84 . : . 15 
3 ses Hobarton (1846-50), 4 ‘ PD) 6 : 5 PY 

The agreement of these results shows that the assumption (46) was well founded ; 

and the results, from the observations of absolute horizontal intensity, confirm 

the annual law derived from the bifilar observations. 

62. In the previous investigations, we have considered the annual movement 

as represented by twelve monthly means, corresponding to the middle day of each 

month ; it must be obvious that we in this way fail to perceive all the minor 

variations of the monthly mean. In order to compare these variations at the 

four places, Makerstoun, Hobarton, Singapore, and Trevandrum, I have obtained 

the four weekly means corresponding to every day in the years 1844 and 1845, 

for these places. These four weekly means are projected in Plates XXV. and 

XXVI. 

63. In comparing these variations, we observe that even the minute changes 

are followed similarly at each place, but that they are combined at certain periods 

of the year with a greater continuous increase or diminution of force at one place 

than at another. This similarity of movement depends on the similarity of the 

variations of the daily means, which we shall consider immediately. 

64. If only one daily mean be much less at one place than at the others, there 

will be a sudden drop of the curve for four weeks, with as sudden a rise there- 

after as we see in Plate XX V., March 14th to L5th, and April 11th to 12th, 1844, 

at Makerstoun, due to the fall, March 29, 1844 (see Plate X XVII. of daily means) ; 

if, however, the force should increase suddenly and permanently at any epoch, 

the curve will show an increase continuously for the four weeks following this 

sudden change. Some such cause, real or accidental, produces the difference be- 

tween the curve for Makerstoun and for the other places in January 1845 (see 

Plate XX VI.) The further consideration of these variations I shall leave till 

another occasion. 
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Variations of the Daily Means. 

65. The daily means for four places in -24,, of the value of X at each place, will 

be found for the years 1844 and 1845, in Table XX XIII, p. 550.* In considering 

the daily means of horizontal force, we shall perhaps derive the most general in- 

formation from an examination of the projections in Plate XX VII. It should be 

remarked jirst, that the daily means, commencing each week at any place, are not 

strictly comparable with the means for the corresponding days at other places; 

since the means are for the Gottingen astronomical day (0" to 23"), one mean in 

each week is made up partly of observations on Saturday afternoon, and partly of 

observations on Monday morning; and as Saturday ends and Monday begins at 

different hours (Gottingen) on different meridians, the hourly observations forming 

the day, made up of these two parts, are not simultaneous at the different places. 

It should be remarked, second, that the means of 24 hourly observations, are not 

in all cases enough to give the true daily mean force; and this is especially true 

for days of disturbance in high latitudes. 

66. The conclusions deducible from Plate XX VII. are as follow :— 

1st, The movements from day to day resemble each other generally, at all the 

places; and this whether we consider the amount or direction of movement. 

2d, In certain seasons there is the appearance of a period of about 26 to 30 

days, equally well marked, or nearly so, at all the stations. I shall proceed to 
examine these conclusions more minutely. 

67. From the first it follows, that the daily mean horizontal intensity increases 

at the same time at all the stations, and diminishes at the same time at all the 

stations; so that, if this holds for all the points on the earth’s surface (as it does 

for all the points on which observatories have been placed), we may conclude 

that the intensity of the magnetism of the whole earth is variable, increasing or 

diminishing from day to day. 

68. The only marked cases in which the direction of movement in the curves, 

Plate XX VITI., is different at one place from that at any other, are those of the 

daily means for April 17 and June 28, 1844, which show an increase at Makerstoun, 

while there is a diminution at all the other places on the first date, and little or 

no movement on the second; all the other differences are of the smallest kind, 

and generally within the amount of errors of correction, or of means, when dis- 

turbances have existed. The increase at Makerstoun, April 17, 1844, which was 

not experienced in the places farther south, was due solely to an increase of hori- 

zontal force during the disturbance, from 17° 1° to 6" (Gottingen mean time) at 

* The value of the unit coefficient of the bifilar magnetometers at Makerstoun and Trevandrum 
was very nearly k=0-000140. As the results in this paper were first deduced from the observations 
at these two places, the same value of the unit was adopted for the other places in these tables. 
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Makerstoun ; at the other places, a diminution of force was then experienced. 

Considering that the disturbances affect the dip as well as the intensity, the 

rarity of this opposition is not a little extraordinary. Some of the differences to 

be found on careful comparison, are probably due to accidental causes; such as 

spiders (of which Trevandrum, February 18 to 23, 1844, is probably an example). 

69. The amounts of movement also do not appear much different. When we 

take the differences from day to day, for each of the two years, subtracting the 

difference of the first daily mean of each year from the last of the corresponding 

year, to eliminate the effects of secular change, we obtain the amounts of move- 

ment at the respective places, as follows :— 

TABLE XX.—Soums oF PosiItTIVE AND NEGATIVE DIFFERENCES OF SUCCESSIVE DAILY 

MEANS OF HoriIzonvTAL Force. (1:00=0:00014 X.) 

STATIONS. 1844. 1845. Lena ge ueno mately 

Makerstoun, . ; 4 664:44 644-00 130800 1-42 

Trevandrum, . é : 578-66 576-12 1154-78 1-25 

Singapore, . : 78:44 448-62 927-06 1:01 

Hobarton, F , : 466°96 45366 920-62 1:00 

70. The differences of amounts has evidently no relation to the value of the 

horizontal force at each place, since Trevandrum and Singapore have each X=7:9 

nearly, whereas at Hobarton the value is only 45, and at Makerstoun 3-4. It 

would be easy to show that the inequality of the movements is chiefly due to 

large disturbances; for if we omit the differences due to only three daily means, 

namely, those for March 29, 1844, January 9, and April 13, 1845, we obtain the 

following differences of movements :— 

TABLE XXI.—Soums or TABLE XX. DIMINISHED BY OMITTING THREE LARGE 

DISTURBANCES. 

STATIONS. 1844, 1845, 1844-45, aa seen aed 

Makerstoun, . , ; 610-22 574:36 1184'58 1:33 

Trevandrum, . é 3 570:42 593'°13 1123°25 1°26 

Singapore, i * 4 469-42 429:58 899-00 1:01 

Hobarton, i P ; 452-23 435:°48 887:71 1:00 

71. It thus appears, that the sums of the differences for Makerstoun and Tre- 
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vandrum differ little; while they differ little also for Hobarton and Singapore ; 
but the sum for the two former exceeds that for the two latter nearly in the ratio 

of 13 to 10. If we could assume that the differences shown in these sums are due 

to the different effect of disturbance, we should arrive at the curious result, that 

the effect is the same at Singapore on the equator and at Hobarton in 43° south 

latitude; while the difference between Trevandrum (in 8}° N.) and Makerstoun 

(in 553° N.) is also not so great as between Trevandrum and Singapore. It must 

be remembered, however, that 1844 and 1845 were years of minimum distur- 

bance, and therefore not the best fitted for this determination. 

72. It follows from these sums, that the amount of movement is wholly inde- 

pendent of the value of the magnetic inclination, since that is nearly the same at 

Hobarton and Makerstoun, and nearly zero at Trevandrum. 

73. Since the disturbance appears to affect the movements of the mean hori- 

zontal force more at Makerstoun than at the other places, we should expect that 

those months containing the greatest amount of disturbance would show the 

greatest difference in the ratio of the amounts of movement at Makerstoun, and 

at the more southern stations. The following table contains the sums of the 

positive and negative differences of daily means, from January 1, 1844, to 

December 28, 1845, for each period of four weeks :— 

TABLE XXII.—SuMs OF THE POSITIVE AND NEGATIVE DIFFERENCES OF THE SUCCESSIVE 

DAILY MEANS OF HORIZONTAL FORCE, IN FOURTEEN HUNDRED-THOUSANDTHS OF THE 

WHOLE HorRIZONTAL FORCE AT MAKERSTOUN, TREVANDRUM, SINGAPORE, AND HOBAR- 

TON, RESPECTIVELY. (1:00=0-00014 X.) 

1844. 1845. 1844-45, 

©. ¢ d s ~ iS] g 
Four WEEKS. 8 A 3 A, Four WEEKS. 3 FI 3 ey Z I $ a 

=) 3 8 S = oS 5 3 = Ss 5 3 
a 8 = a= 4 5 By = 2 5 = = 
oO 3 s 3 o s os a3 oO a s 2 
4 ie on 2 = re op 2 =| Be oo 2 
& x 2 = Ci 2 5 ° 3 2 = ° 
a = R = a a a i a a a | 

Jan. 1toJan. 28, | 28-02 32-35 |26'81 24-05 | Dee. 29 to Jan. 26, |81-95 (57-76 |39'88 [46-52 (109-97 | 90-11 |66-69 |70-57] 
Jan. 28,, Feb. 25, | 60-03 /45-46 [33-23 |27°30 | Jan. 26 ,, Feb. 23, (38°66 [33°69 [32-01 |37-81| 98-69| 79°15 165-24 [65-11 | 
Feb. 25 ,, Mar. 24, | 49:69 |38-60 |29-31 |39-49 | Feb. 23 ,, Mar. 23, |40-46 |26-49 24-19 28-07 | 90-15| 65-09 |53-50 |67-56) 
Mar. 24,, Apr. 21, |103:32 |57-95 50°21 |49-94| Mar. 23 ,, Apr. 20, |66-52 |41-06 |35°35 [37-49 [169-84 | 99-01 |85-56 [87-43] 
Apr.21,, May 19, | 55°13 /44-32 |37-48|37-71 | Apr. 20 ,, May 18, |36-78 [43-66 |31-85 [30:92 | 91-91| 87-98 |69:33 6363 
May 19, June 16, | 36°84 32°34 [26-95 |25-46 | May 18 ,, June 15, |37-83 /32-79 |22-65 31-69 | 74-67 | 65°13 |49-60 |57-15] 
June16 ,, July 14, | 38-41 [39:23 |30-99 |28-49 | June15 ,, July 13, |29-52 |31-55 25-48 /17-91| 67-93 | 70°78 |56-47 46-40) 
July 14,, Aug. 11, | 60°15 |53-71 [42-01 |37-30| July 13 ,, Aug. 10, |46-66 /45-70 [34-81 [38:31 |106-81 | 99-41 \76°82 |75:61| 
Aug.11,, Sept. 8, | 30°10 |36-17 |36-11 |32-'74| Aug.10,, Sept. 7, [51:97 |45-77 |36-55 |43-07 | 82:07 | 81-94 172-66 75-81! 
Sept. 8,, Oct. 6, | 54°70 /54:02 46-57 [52:91 | Sept. 7 ,, Oct. 5, [45-71 |60-77 |43-79 [39-60 [100-41 [114-79 |90-36 [92-51] 
Oct. 6,, Nov. 3, | 51°56 |4598 [31-26 [42:21 | Oct. 5,, Nov. 2, 170-39 |53-68 [46-74 [41:32 [121-95 | 99-66 |78-00 |83:53)_ 
Nov. 3,, Dec. 1, | 65-41 [62-78 [52-65 |50°02| Nov. 2,, Nov. 30, |53-79 |56:86 |38-89 [38-62 [119-20 |119-64 |91-54 |8S:64) 
Dec. 1,, Dec. 29, | 45°63 [42-85 [38:47 |28-97 | Nov. 30 ,, Dec. 28, |57-06 |65-29 |52-28 |44-52 |102°69 [108-14 |90-75 |73:49) 

74. The law of the annual period will be shown better from a larger series; 

but as far as these go, all show the greatest amount of movement in the four 

weeks March 23 to April 20, and in the four weeks September 7 to October 5, or 
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October 5 to November 2; while the most marked minimum at all the places 

occurs near the summer solstice. ; 

75. It should be noted that the differences in the above table include the vari- 

ation due to the annual period and secular change. If we put the differences into 

four groups, each having an equinox or solstice as the middle point, and subtract 

the difference between the first and last daily mean of each group, from the sum 

for that group (in order to eliminate approximately the effect of secular change), 

we shall obtain the following quantities :— 

TABLE XXIII.—Sums or DIFFERENCES, WITH EFFECT OF SECULAR CHANGE ELIMINATED 

FOR EACH SEASON, 1844-45. (1:00=0:00014 X.) 

Makerstoun. Trevandrum. Singapore. Hobarton. 

PERIOD. 

Sum. Ratio. Sum. Ratio. Sum. Ratio. Sum. Ratio. 

Feb. 5 to May 365°92 1:40 | 260-69 1:05 | 223:04 | 1:19 | 233-47 | 1-27 

Aug. 6 ,, Nov 322°14 | 1°24 | 819-88 | 1:26 | 253°24 | 1:36 | 263-60 | 1-48 

Nov. 5 ,, Feb. 379:06 | 1:46 | 348°88 | 1-40 | 281:22 | 1°51 | 250-48 | 1:36 

dons 

May 7, Aug. 6,. .| 260:32 | 1:00 | 248-52 | 1:00 | 186-78 | 1-00 | 183-95 | 1-00 
_5, 

5, 

76. The number of years’ observations here included is too few for certain 

conclusions on small differences, but there can be little doubt these numbers 

show that, in both hemispheres, the variation of daily mean horizontal force is less 

in the quarter about the June solstice (when the sun is in apogee) than in any 

other quarter. 

77. The ratios of the sums for the summer solstice to those for the winter 

solstice differ little for all the four places; and if we add the sums for Maker- 

stoun to those for Trevandrum (which do not differ greatly), and those for 

Hobarton to the sums for Singapore (which also are nearly equal to each 

other), we shall find— 

Makerstoun plus Trevandrum, June solstice : December solstice = 1-000: 1-43] 
Hobarton plus Singapore, June solstice : December solstice = 1-000 : 1-434 

78. If we compare the amounts in each quarter at Hobarton with those at 

Makerstoun, we obtain the following results :-— 

March equinox, Hobarton : Makerston=1 : 1:57; 
June solstice, 58 if; =A 
September equinox, ,, me a EF 
December solstice, _,, i —=11 5 1dsile 

or the excess of the movements in the northern hemisphere over those in the 
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southern hemisphere was least at the September equinox and greatest at the 

March equinox (in 1844-45). 

79. If we subtract from the first group in Table XXIII. the differences due to 

March 29, 1844, and April 13, 1845, and from the last group the differences due 

to January 9, 1845, three days of marked disturbance that we have subtracted 

from the sums in Table XXI., we shall have— 

TABLE XXIV.—Svms From TABLE XXIII., omittinc Taree Days or LARGE 

DISTURBANCE, WITH RATIOS TO HOBARTON. 

Makerstoun. Trevandrum, Singapore. Hobarton. 

PERIOD. 

Ratio. Sums, Sums. Ratio. Sums. Ratio. Sums. Ratio. 

Feb. 5 to May 7,. 982-75 | 1-38 | 246-13 | 1:16 | 207-90 | 0:98 | 212-41 | 1-00 

May 7 ,, Aug. 6, . 960:32 | 1:41 | 248:52 | 1:35 | 186-78 | 1:02 | 183°95 | 1-00 

Aug. 6 ,, Nov. 5, . 322:14 | 1-22) 319-88 | 1-21 || 253°24 | 0:96 | 263260 E06 

Nov. 5 ,, Feb. 5,. 3840:05 1:42',|°3385:29 | 1:38 | 270-80) | 1:12 5249-00 TiiEoG 

The ratios of Hobarton to Makerstoun are more nearly constant here than in (78). 
In all cases we have to remark the nearness to equality in the amount of move- 

ments at Trevandrum and Makerstoun, as well as in those at Hobarton and 

Singapore. 

80. From all the sums we arrive at the following important result :—That 

the amount of variations of daily mean horizontal force does not depend (or 

depends but little) on season in the meteorological sense, the amounts of move- 

ment being least in both hemispheres in the quarter when the sun is in apogee— 

that is, during the northern summer and southern winter. More extensive series _ 

will prove that the amount is greatest also in the equinoctial quarters, though — 

the difference betwixt the amounts for these and the December solstice is not 

considerable. 

81. If we now examine Plate XXVII. again, we shall perceive a series of 

movements having a period of about 26 to 30 days (66, 2d.), which are, how- 

ever, only marked in certain seasons. The months of 1844-45 in which this 

period is seen are January to April and August to December,—perhaps least 

distinctly in December and January ; it is not visible in May, June, or July. ~ 

82. When we attempt to determine the duration of this period from the pro- 

jected results for all the places, we find the time from minimum to minimum % 

approximately as follows:— 
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1844. Jan. 9 to Feb. 5=27 days 

ie 2 : me rai! a Sum of 4 periods=108 days; mean= 27:00 days. 

Mars 30) 4 tApr. 26 =270;, 
Apr. 26 ,, Aug. 3 : Sum of periods= 99 days. 
mugess! ..) sept. 1=29),; 
epee, wept. 30 — so". 
Septng0i, Och .26=26-4 Sum of 4 periods =111 days; mean=27°75 days. 

Ochy26u--0 Nov. 22 —2i/ a. 
Nov. 22 ,, Feb. 5 : Sum of periods=75 days. 

1845. Feb. 5.,, Feb. 25=20 ,, 
Hebe or,... Mar, 24=27 -.. ! Sum of 3 periods=73 days; mean= 24°33 days. 
Mar 24 ,, Apr. 20=26- ;, . 
Apr. 20 ,, Aug. 3 é Sum of periods=103 days. 
Ang: 3 .,, Aug. 3027 4; 
Aug. 30 ,, Sept. 27=28 ,, 
Sept. 27 "Oct. 24=97 5, 
Oct. 24 ,, Nov. 17=24 ,, 

83. Some of the periods whose duration has been noted are by no means 

well determined. Thus the period commencing February 5, 1844, is not well 

marked, while that ending April 20, 1845, has more the appearance of ending 

April 13 or 14; any other points, however, which might be taken would not alter 

appreciably the mean period derived from these groups. If we examine them 

separately, we shall find that no period appears greater than 29 days, while some 

are only 24 days. In some cases a period appears broken into two, especially 

in the end of 1845; but this is generally on such days that we can determine, 

by the distance of preceding or succeeding minima, whether the break is the 

periodic minimum: thus December 3, 1845, is a marked minimum, but we can 

assume it to belong to the true period only by supposing some of the preceding 

periods to last 14 or 40 days, both completely without the limits of well-marked 

periods. 

84. If, then, we assume for the instant that the groups given above show the 

true number of periods, we shall have— 

Sum of 4 periods=106 days; mean=26-50 days. 

15 periods, with a sum of 398 days or 1 period= 26°53 days. 

We may suppose that the sums of days intervening betwixt each group should 

equal a whole number of periods; and if we take the value of the period approxi- 

mately as above, we must allow 4 periods to the first interval, 3 to the second, 

and 4 to the third, or 

11 periods, with a sum of 277 days and 1 period= 25°18 days. 
The mean of the whole 26 periods gives 1 period = 25°96 days. 

85. No distribution of the periods would alter this result much. The con- 

sideration of a much longer series will show, what indeed seems to follow from 

the above, that the period has a variable duration of 20 to 30 days. 

86. The first question that follows the appearance of such a period is as to its 

cause. Mr Kretiu’s results and my own seem to indicate a period of the dura- 
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tion of a lunation ; but there are several reasons against the hypothesis of a lunar 

cause in this case, besides the duration. The nearness of our satellite would 

render it extremely probable, if she were the cause of this variation, that the 

amount of the variation should depend upon the latitude of the place and the 

moon’s declination ; we shall see that it does not depend on the latter, and pro- 

bably little on the former. In the next place, we would expect some relation 

between the amount of the mean diurnal variation and the change of daily mean 

values. Such a relation exists between the solar diurnal variation and the change 

of daily mean value; but no such relation exists between the latter and the 

lunar diurnal variation, or it is but slightly marked; the amount of the change 

for this period is too large to be explained by the cause which produces the lunar 

_ diurnal variation. On the whole, I think we cannot attribute this period to 

the moon; and the range of the period is so considerable as to render it probable 

that the sun is the cause. The true period of rotation of the sun is about 25°63 

days, and the synodical rotation with reference to the earth is about 27°22 days; 

the latter number differs little from the first two series of well-marked groups in 

1844, and the former differs little from the mean as obtained from the two years. 

A careful investigation of a much larger series of observations leads me to 

believe that the period is variable within certain limits; and I think it may be 

possible, when this additional series of observations is examined, to show a pro- 

bable cause for this variation: meanwhile, without entering into any theory, I 

shall proceed to notice some results to be derived from the quantities under 

consideration. 

87. We have already considered the differences of the daily means, or the 

changes from day to day at different places; we may now examine the ranges 

of the best-marked of the 26-27 day period. The following are the approximate 

ranges (mean of rise from minimum to maximum, and of fall from maximum to 

minimum) of these movements where best marked at the four places in 1844 :— 

TABLE XXV.—RANGES OF 26-27 Day PERIOD: JANUARY TO APRIL 1844. 

PERIOD. Makerstoun, | Trevandrum. Singapore. Hobarton. 

8.39 5-93 5-07 5-50 
12°81 11-49 8-96 8-60 
12°93 9-48 8-68 8-88 

Jan. 9 to Feb. 5, . 

Feb. 5 ,, Mar. 6, . 

Mars O%,.. opiates 

34:13 26°99 22°71 22:98 Sum, 

| ——— —— 

1:49 dou bi 0:99 1-00 Ratio to Hobarton, . 
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88. These ranges show nearly the same ratios as the sums of daily changes 

(Table XXII.); but when we take the movements after August 1844, where they 

again become well marked, we find— 

TABLE XXVI.—Rancss oF (26-27) Day Periop: AuGcust To NOVEMBER 1844. 

PERIOD. Makerstoun. | Trevandrum. | Singapore. Hobarton. 

Aug. 2 to Sept. 2, 6:26 9°37 7:08 G3 

MED oe Octen)y Ls 10°81 13-80 10-01 11:30 

Sept. 30 ,, Oct. 21, 12°55 14°88 12-44 13°55 

Oct. 20 ,, Nov. 22, 14:97 11-48 10-91 12°47 

Sun, 44°59 49°53 40°44 45:05 

Ratio to Hobarton, 2 0:99 1-10 0:90 1:00 

In these instances the ranges are nearly equal at all the places. 

89. And if we combine the sums of both groups, we have— 

TABLE XXVII.—SuMs oF RANGES OF BOTH GROUPS. 

ARGUMENT. Makerstoun. | Trevandrum. Singapore. Hobarton. 

Sum of both groups, 78°72 76°43 63°15 68:03 | 

Ratio to Hobarton, AAG LoL 0:93 1:06 

90. The ranges of these movements are only affected by disturbances in as 

far as the maxima or minima are concerned; and we might expect that, if the 

movements should be equal at all places independently of local disturbance, the 

ratio would be much nearer a ratio of equality than in the case of the sums of 

daily changes. This is the case in the means of the ranges for these eight 

periods; and it follows as very probable that the range of the 26-27 day period 

is nearly equal at all the stations. 

91. In order to examine more carefully the relation of these movements, I 

chose one of the most marked, that included within five weeks February 4 to 

March 8, 1844; though the agreement of the smaller movements within this 

period is by no means so well marked as in many others, and I included two 

other stations, the Cape and Toronto. Commencing with January 28, I obtained 
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the daily mean corresponding (for its middle point) to every hou from near 

noon on Monday till near noon on Saturday. Each week gives in this way 121 

daily means; but as the first observation on Monday morning at Hobarton is 14 

hours earlier than the first observation obtained at Toronto on the same morning, 

the whole 121 means have not simultaneous equivalents at all the stations. 

The daily means thus obtained for Makerstoun, Cape of Good Hope, Trevandrum, 

Singapore, Hobarton, and Toronto were corrected by a quantity depending on the 

differences of the weekly means, February 4-9 and March 3-8, for the secular 

increase or diminution. The corrected values are projected in Plate XXVIII. 

92. In these curves we may study the differences as well as agreements of 

movements. Some differences, it is believed, are due to accidental causes, as in 

the commencement of the week February 194-24°, at Trevandrum, where spiders 

were probably acting on the bifilar wires. In other cases we may suppose the 

differences due to different directions of movement of dip. 

93. In the first week, January 29 to February 3°, we find the apex about 

January 31°, 10°-14°, at all the stations excepting Hobarton, where this apex 

seems cut off. The turning point occurs at the Cape of Good Hope at 117; Tre- 

vandrum, 83"; Singapore, 10"; Toronto, 10°; at Makerstoun it is later, and is — 

followed by a higher point. 

94. In the following week we find the increase of force at Makerstoun at 

64 18" greater than at the other stations; the epochs of maximum and minimum 

are as follow :— 

TABLE XXVIII 

STATION. Maximum. Minimum, 

D HH. D. i. 

Trevandrum, 6 14 8 0 

Makerstoun, 6 18 7 20 

Cape, : “ ‘ : ; 6 20 7 20 

Toronto, 6 20 7 20 

Singapore, . Th 2-10 8 1 

Hobarton, is 2-6 8 3 

The order of succession of the maximum or of the minimum does not seem ~ 

to depend either on the latitude or longitude, though, on the whole, the pee 
farthest east are latest. 

95. In the third and fourth weeks we find the maxima and minima to be as j 

in the following table :— | 
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TABLE XXIX. 

Third Week. Fourth Week. 

STATION, 

Maximum. Minimum. Maximum. Minimum. 

Dz H. D. ty, NEES D. aaa 

Toronto, . : A 14 2 15 93 

Makerstoun, j é 14 16 15 22 

Cape, . ; : : 14, 9 15 22 

Trevandrum, : F V4 AT 15 23 

Singapore, . : : he ee 15 22 

Hobarton an ; p 14 O 15 21 

The greatest difference in the epochs is to be found in the minima of the 

fourth week, varying from 214 125 at Hobarton, to 234 0+ at Makerstoun. The 

fourth week is also remarkable for the considerably greater movement at the 

Cape and Trevandrum than at Makerstoun. 

96. The fifth week includes a rather marked disturbance; we may note the 

hour when the daily mean force attained a maximum, commenced to diminish, 

and then began to increase. 

TABLE XXX. 

STATION. Maximum. Minimum. 

D. H. D. H. 

Toronto, : ‘ : ; ge SUS) 28% ho 

Makerstoun, . : : : 2s opel 8 28 19 

Cape of Good Hope, i j Milt lB 28> veh 

Trevandrum, . : : q Die ed 29 2-5 

Singapore, . } , ; 270619 29 2-5 

Hobarton, . : : f 27e-"h-21 29 1 

The commencement of the diminution may be considered simultaneous at all 
the stations, but the termination is not so. The end of the fall is simultaneous at 

Toronto, Makerstoun, and the Cape; and nearly simultaneous at the three other 

stations, though from 6 to 10 hours later than at the former three. The Cape, 

after the minimum, presents a curious difference from the other stations; the 
mean force, instead of increasing continuously after the minimum, increases only 
till 29° 04, after which it diminishes anew to a second and more marked mini- 

mum at 29° 18". 

VOL. XXII. PART III. 7B 
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97. The sixth week has two types, that of Makerstoun, Toronto, and Hobar- 

ton, consisting of marked minima about 5° 16°, and 74 4", with a secondary mini- 

mum about 6* 10"; and that of the Cape, Trevandrum, and Singapore, having 

only one well-marked minimum at 6° 10%, the time of the secondary minimum at 

the other stations. ; 

98. The best marked movement at all the stations during the six weeks is 

that after February 274 18"; the amounts of movement between 27 18° or 19", 
and 284 194, and 274 185 or 19, and the minima, are as follows— 

TABLE XXXI.—RanceEs or Movement (1:00=0 00014 X). 

SraTIoN. 274 18h to 284 19h, 274 18h to Min, 

Toronto, : ; 3 h 9:92 9-92 

Makerstoun, . , : 2 10-320 10:30 __ 

The Cape, . ; : : 6:62 6°62 

Trevandrum, . : : : 8:00 8°74 

Singapore, . ; ‘ : 5:06 5°68 

Hobaktonsey ities Lei aiiedee . 5-02 5°50 

The amount of the movement thus seems to diminish from the north towards 

the south; the diminution is, however, still small at Trevandrum, and it is 

nothing between Singapore and Hobarton. 

99. It is not easy to state the law of these differences from the consideration 

of a single period. It will be seen, Table XXVI., and by an examination of the 

projections, Plate XXVIL., that the amounts of movement are frequently equal at 

all the stations ; but we cannot state exactly how much of the differences aredu e 

to changes of magnetic dip, since there was no instrument well fitted to mark these 

changes at all the stations. An examination of the six weeks under discussion 

will show that the irregular variations of mean horizontal intensity are greatest 

and most common in the higher north latitudes, though some of the continuous 

movements are greatest near the equator. 

100. If we consider the whole range of the curves for the six weeks, Plate 

XXVIII., taking the difference between the highest point and the mean of the 

lowest preceding and following (by which we eliminate secular change, &c.), 

we shall have— 
Makerston. Toronto, Trevandrum. Singapore, The Cape, Hobarton. 

Ranges,. . . 14:27 11:91 12-12 9:02 12°60 9°89. 

101. And if we omit the point February 27? 18" before the great disturbance, 

we find— 
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Makerstoun. Toronto, Trevandrum, Singapore, The Cape. Hobarten. 

Ranges, ae L266 11:06 12°12 9°02 12°60 9°89 

In either case the ranges for the stations Singapore and Hobarton are those 

which differ most from the others. 

102. If, in order to avoid points which may be supposed due to local disturb- 

ance, we take the mean of five days in the week having the highest mean, and 

in the two weeks (one preceding, one following) having the lowest means, the 

five days being those (corresponding to the Gottingen hour, 124) having simul- 

taneous observations at all the stations, we find— 

TABLE XXXII.—RancEs oF Five-Day MEans (1:00=0-00014 X). 

Hobarton. Singapore, Trevandrum. Cape. Makerstoun. Toronto. 

Five Days. ria ida EP Ge 

Mean. |Change.| Mean. |Change.| Mean. |Change.} Mean. |Change.| Mean. |Change.} Mean. |Change. 
-_ — — 

H. D. H. D. 

eb. 5 O— 9 23} 5:00 5°80 5:98 13°52 6°76 11:91 
‘ 4 1 : 

19 0O—23 13)11:13 10°98; 413-16 20°04 13-24 18-21 

Mar. 4 0O— 8 23] 4°63 5°70 6:14 13°63 6:04 11°75 
—— -——_ = | | | i 

Mean range, 6°31 5°23 7:10 6:46 6°84 6:38 

103. The excess at Trevandrum and the defect at Singapore may be acci- 

dental; but in any case we are entitled to conclude, that the amount of variations 

of the mean force in the period of 26 to 27 days, was equal (or nearly so) at all 

the stations when the effects of local disturbance are eliminated; and, that the 

directions of the variations were the same. 

104. I would only notice at present the curious repetition of movements shown 

in each of the six weeks projected in Plate X XVIII., indicating a period of from 

60 to 70 hours. It will require a more extended induction to determine the 

true length of this period, if it be constant, and to make any suggestion as to its 

cause. It does not seem improbable, however, that this cause, like the 26-27 

day period, may be connected with great physical movements in the envelope of 

our great heat-giver, the sun. 
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TABLE XXXIII.—Daiiy MEANS oF HorizonTAL ForcE AT MAKERSTOUN, TREVANDRUM, SINGA- 

PORE, AND HoBARTON, IN 14 HUNDRED-THOUSANDTHS OF THE HORIZONTAL FORCE AT THE 

RESPECTIVE PLACES, FOR THE YEARS 1844 AND 1845. (1:00=0-00014 X.) 

Date. | Maker. |Trevan.| Sing. | Hobar. || Date. Maker.| Trevan.| Sing. | Hobar. || Date. | Maker.|Trevan.| Sing. Hobar. | 

1844. 1844. 1844. 

Dec. 31] --: cee see ... |(Mar. 1| 21-40] 07-42| 16-40] 16-46 ||May 1| 22-97 | 06-08 

Jan. 1| 17-40| 08-03] 17-51 |(15-11 2) :-- on oe tee 2) 23-77 | 06-49 

9} 15-35] 05-56] 14-87) 13-85 3) 18-34| 05-25] 14-18] 13-98 3) 22-40} 05-25 

3} 21-15] 08-14] 17-93} 14-65 4| 16-53] 06-42) 14:59| 14-49 Aare ses ae 

4| 20-93) 09-79| 17-93] 16-37 5) 11-43) 04-43] 12-79] 10-04 5) 24-26] 08-34] -18- 

5| 17-09| 05-97| 15-29] 14.53 6| 13-94] 01-85] 10-42] 9-66 6) 25-53} 07-31 

Glee BAS Pt sale 7| 12-:99| 04-12| 12-37) 9-98 7| 23-97) 07-52 

7) 18.04| 07-31] 15-85| 13-77 8| 16-94] 03-81] 13-62] 11-50 8| 22-90] 04-12 

8| 16-88| 07-21) 16-40) 12-82 Ql owes ooo tes tee 9) 23-76 | 04-53 

9| 15-74| 06-18] 15-71] 11-73 10) 19-12] 04-33] 14-87] 14-07 10} 25-47 | 08-14 

10| 17-25) 06-69) 16:26} 13-12 11| 17-64] 05-87] 14-87] 13-97 TH) = oBdA 

11| 17-37] 06-49| 15-15| 13-72 12| 18-05| 06:28] 15-01] 14-22 12} 24-90} 07-93 

12| 18-47| 08-55| 16-96] 14-35 13] 23-25| 09-58] 17-65) 16-18 13] 27-34] 10-71 

Tie aos ae oe sce 14) 23-66| 10-61] 18-90] 17-81 14| 24-25] 05-97 

14| 18-89| 09-17] 17-65] 14-53 15) 22-12] 10-09} 18-63] 16-85] 15] 26-07 | 07-21 

15| 20-45| 11-33] 18-76} 16-50 16) --- ooo +e tee 16| 26-20} 06-69 

16| 20-97| 11-23] 18-90} 16-97 17| 21-30) 11-54} 19-74] 19-12 17| 25-67| 07-42 

17| 20-56| 07-83] 17-24| 17-37 18] 20-11| 07-62] 17-65) 17-08 18) -- a 

18| 20-04] 06:69| 17-51] 16-50 19) 21-73] 08-55) 16-26| 13-59 19} 30-17| 08-03 

19| 19-64] 06-80] 17-37| 16-19 20] 22-00] 07-83| 17-24| 16-20 20| 32-73} 10-71 

SY) Saga oe 5 wae 21) 23-15) 09-06] 18-35} 17-06 21| 29-77 | 09-78 

91) 20.17] 09-17] 18-21] 16-45 99| 22.47) 08-14] 18-35] 19-12 22| 23-19| 05-46 

93) 20-20] 09-58} 18-35} 16-91 23) ++ see tee oon 23| 27-96 | 06-28 

3) 29.14] 09-68| 17-65] 16-59 94| 22-30] 09-58| 18-76] 18-99 24| 27-91] 05-77 

94| 20-17| 09-27| 16-12) 14-67 25| 23-71| 10-09} 18-76] 19-25 PS Ac Bere 

95) 19-09| 07-21] 14-87) 12-50 26| 25-22) 09-48} 20-29} 20-10 26| 29-26! 08-86 

96) 20:00) 09-17] 18-35] 15-94 27| 22-24| 10-81] 18-63) 19-33 27| 28-53| 08-45 

P(e oe tee see 98] 22.16| 07-52) 17-79| 16-73 28) 28-86] 08-65 

98) 18-26| 07-42] 17-10) 15-70 99|—5-97| 03-50] 11:54] 7-82 29| 27-72) 07-00 

29] 18-95| 06-90} 16-26] 15-47 30; -:- oo tee ooo 30| 28-94] 08-96 

30] 19-17| 08-34| 17-24] 17-41 31| 17-06| 02-27| 11-81] 10-27 31) 32-06] 11-74 

31| 20-95] 11-23} 19-60| 17-74||April 1) 13-15 03-40) 12-79| 12-37 |June 1| --- Bb 

Feb. 1] 18-39| 04-42| 14-04] 13-67 2) 15-20] 03-30] 12-93] 12-97 2) 32-27 | 09-27 

9] 14.74) 06-59] 15-15] 14-25 3) 16-77| 04-12] 12-93] 13-25 3| 30-87 |[10-30 

3] -e see see oon 4| 19.40| 06-28 |[14-90]| 15-25 4| 30-70 | 09-89 

4| 18-73 08-45] 15-57) 13-66 5| 20-01) 07-42] 16-00} 16-25 5| 31-13 | 10-51 

5| 11-96] 04-43] 13-90] 13-49 6] +s aoe toe tee 6| 31-45 | 12-67 

6| 17-98 | 07-11] 15-29] 12-38 7| 20-56| 05-77| 14-59] 17-13 7| 28-79) 10-09 

7| 15-29 | 07-00] 15-85] 13-50 8] 21-15| 07-83} 17-51] 17-98 oie "aac ae 

8| 18-40 | 06-59| 15-29] 13-37 9) 23-69} 12-15} 18-90) 19-58 9) 30-01} 10-30 

9} 20-66 | 09-06) 16-54| 15-43 10| 23-95| 08-96] 18-76] 18-12 10} 30-52] 09-48 

10) --- ses see oes 11) 23-70] 10-30] 18-35) 19-09 11) 31-64| 09-37 

11| 17-71 | 08-24] 16-96| 15-87 12] 23-94| 10-30] 19-60] 19-69 12| 33-25 | 09-48 

12| 20-64| 07-93] 17-24| 15-22 13) ++ oon see oo 13] 33-22 | 09-78 

13] 22.38] 08-96] 18-21] 15-91 14| 24-95| 09-89] 19-04] 20-27 14| 32-07 | 10-30 

14| 23-82] 10-71] 19-88} 16-77 15| 20-99| 07-62] 16-26] 17-36 is}\) cane B36 

15| 19-96 | 07-83] 17-10] 15:73 16| 15-61} 05-15| 12-79] 12-18 16} 30-87 | 08-65 

16| 23-60 | 10-51] 19-32} 17-08 17| 27-30|—5-46| 5-14] 8-82 17| 30-87 | 07-62 

17) --- +e oes oon 18] 20-33) 06-49} 15-15] 15-89 18} 32-03 | 07-83 

18] 23-93] 10-51] 20-15] 18-68 19) 19-94| 06-59| 16-26] 15-94 19| 30-67 | 08-75 

19] 21-82} 12:77) 19-74) 17-54 20) --- eee tee tee 20} 33-13 | 11-02 

90| 23-57) 14:63] 21-13} 20-00 21) 21-52) 07-83] 18-63) 18-55 21| 32-05 | 07-83 

91] 21-95 | 12-26] 18-63] 17-55 99) 26-19| 08-55| 20-29} 19-09 22) .-. one 

99) 2)-27| 10-71] 17-93] 18-54 93| 26-65| 09-06] 18-21] 18-53 23| 30-41] 11-84 

93) 23-05) 09-99} 19-04) 18-94 24| 26-77| 11-23] 20-99] 19-71 24| 29-59 | 11-43 

94) «. vee see cee 95| 22-95| 05-36| 15-29] 15-47 25| 30-31] 11-12 

95) 24.51| 11-84] 20-29] 19-84 96| 14:32) 01-03} 11-40} 12-78 26) 30-77 | 09-37] 

26| 22-61] 11-23] 19-32] 18-27 Q7| ose oe tee oon 27| 33-16} 11-74 

97| 23-63 | 11-74} 19-04] 19-01 98| 22-07| 05-77| 16-26] 17-77 28| 36-98 | 11-54 

28] 16-38 | 06-39] 16-40} 15-72 99] 21-52| 05-25} 15-98} 17-28 99| wee ote 

99} 19-25] 05-05 | 15-01} 14-44 30] 19-47| 05-05} 15-01] 15-89 30! 33-26] 06-49 
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TABLE XXXIIT.—Continued. 

55] 

Date. | Maker. | Trevan. Maker. |Trevan. Trevan. Hobar. 

1844, 

1} 32-23] 10-92 : 24-83 || Sept. 1} 28-14) 05-56} 18-21] 22-03 || Noy. 1} 34-.47/ 08-96 20-57 | 29-34 

2) 32:74) 09-27) 20-57) 25-59 9) 27-50| 07-42) 18-90} 23-39 PAN Gor tee one see 

3] 33-94] 10-51] 21-68} 25-52 3) 31-09} 10-61 | 20-15} 25-13 3) 33-61] 08-14) 19-60) 27-19 

4| 32-77| 11-33) 21-13] 25-36 4| 31-96 | 10-09} 18-35) 22-52 4| 33-71} 08-65| 20-85] 26-50 

5| 30-78| 10-61} 20-99 | 24.74 5| 30-09] 10-30} 19-88] 22-97 5| 35-17} 10-81 | 21-54) 28-26 

6) ::- tee aaa tee 6| 33-24 | 11-43) 22-10} 25-80 6| 34:73] 07-31] 20-29] 27-63 

7| 33-23 | 09-06] 20-99] 26-89 T| ses inte sae see 7| 34-67} 10-09] 22-10| 28-69 

8] 33-95] 06-39] 18-07] 21-40 8] 32-87 | 10-40] 20-15] 25-39 8| 36-05) 11-12] 22-38] 29-18 

9| 29-61) 07-83} 18:90] 22-00 9} 31-51 | 11-54] 20-71] 24-45 9) +: oon ote tee 

10) 31-43) 09-48] 20-71] 24-17 10| 32-40] 11-33] 21-54) 25-75 10| 38-58} 12-46) 22-52) 30-10 

11} 33-58} 09-89} 20-15] 25-02 11| 34-96 | 13-70] 23:07| 26-86 11} 30-20} 06-08} 18-21] 26-70 

12) 34-54] 09-00) 20-57] 25-03 12} 33-11} 12-98] 23-07| 26-84 12} 33-25} 07-72] 19-18 | 28-05 

13) -e see see tee 13} 36:40} 13-60] 23-91] 28-08 13} 33-73} 10-81} 20:99| 26-73 
14} 34-10] 08-96] 20-71] 25.23 14) OOF S. a a5 14| 36-60) 10-51) 21-82] 28-47 
15| 34:85] 09-89) 20-43| 25.37 15| 31:90} 09-37) 19-88} 23-73 15} 37-45| 12-26] 23-77] 29-51 

16) 33-90} 10-40} 20-71] 25-02 16) 32-54] 10-20} 20-57] 24-81 16) --- oes see oo 

17} 32-04} 10-61] 21-96) 25-23 17) 30-70) 08-75) 19-74| 23-86 17| 29-20} 02:06} 14-32) 21-06 

18} 29-05] 07-83] 20-29] 23-90 18} 33-01 | 09-48} 20-85] 26-57 18} 30:-42| 05-66] 20-85 | 23-89 

19} 32-50} 10-09} 21-82] 24.91 19} 32-71 | 09-17| 19-88}| 23-76 19) 30-84] 03-71] 17-24| 25-05 

20) «- oes tee tee 20) 27-57 | 04-84] 17-24] 21-19 90| 31-97} 05-46} 19-18} 25-96 

21} 35-49] 11-12] 22-80| 26.79 Dil errr oes eee ee 21} 33-18} 06-39 | 19-74} 25-70 

22) 32-52] 10-81] 21-82} 26.84 22) 29-70 | 09-17| 20:02} 24-42 22) 23-25) 01-96} 14-46] 19-41 

23) 32-64} 09-37| 21-82} 26-75 23| 33-89 | 07-83) 16-96] 23-81 23} oe oo see see 

24| 34-66) 09-58} 23-49| 26-70 24| 32-07 | 08-65] 22-10) 25-07 94) 30-69) 05-46] 17-79! 25-00 

25) 29-31 | 03-19} 16-68] 20-70 25| 27-85 | 67-42| 19-88] 22-79 25| 34-70} 08-14] 19-60| 27-30 

26) 31-39] 08-45] 18-76] 22-53 26} 26:02 | 02:06] 15-98] 19-26 96) 37-26| 10-40} 20-15] 27-82 

yi ase tee tee 27| 28-27 | 05-46} 17-37} 21:37 27| 39:07} 09-27 | 20-43 29-10 

28) 33-50| 07-11] 18-76| 22-66 28) eee ose tee +e. 98] 35-48} 06-80} 18-63! 27-00 

29} 31-07 | 07-93} 20-71 | 24-07 29| 26-57 | 04:43] 14-87] 18-53 99) 36-14} 08-65) 19-60} 28-42 

30) 32-18} 10-61] 20-29) 24.18 30| 23-68 |-00-10| 11-95, 17-44 30\ --- see are see. 

31) 36-97 | 12-57| 22-93] 25-74|| Oct. 1) 29-36 |-03-60| 12-09| 14-29 || Dec. 1] 37-72| 10-20) 20-85] 30-93 

Aug. 1} 27-26} 04-94] 15-98] 20-00 2) 29-94] 04-63 | 17-24] 23-20 2} 38-64] 11-74] 23-83 | 32-50 

2 25:85 05-46| 17-24] 18-48 3) 29-11] 05-15 | 16-54) 22-05 3| 38-48] 10-61] 23-07| 32-40 

2 Go sae saa aes 4) 30-96] 04-22] 18-07 | 22-84 4| 37-38 | 08-14) 20-99) 30-23 

4| 28-50] 04-22| 16:68] 21-03 5] ees vee tee see 5| 36-69| 09-06] 22-10} 30-48 

5} 30-13] 07-62| 17-71] 22.42 6| 30-91] 06:08} 19-18] 25-72 6| 38-17] 11-84] 23-07] 30-48 

6| 30-41] 08-34] 17-79) 22-62 7| 32-14| 09-68} 19-32} 25-07 > ma eee one eee 

7| 30-31] 07-00) 18-07] 22.39 8} 33-07 | 08-75 | 20-02] 25-56 8} 39-09| 12-87] 24:32) 31-55 

8| 34-38] 08-45] 19-32] 23-08 9| 34-51] 09-37 | 20-99] 24-71 9} 40-75; 12-77) 24-19 | 31-31 

9| 30-77 | 03-91} 15-29] 18-47 10} 34-14} 11-43 | 21-82) 26-07 10} 40-51 | 12-87] 25-02) 31-21 

10) --- tee tee oon 11} 34-37] 11-74] 21-96} 26-34 11| 40-80 |[14-63 | 25-44) 32-38 

11} 31-49} 08-65} 19-32] 22.69 12) «-. see wee tee 12} 40-19| 13-80} 24-88} 31-91 

12) 31:02} 08-96] 19-18} 23-55 13} 36-21] 13-08 | 24-05} 28-41 13| 40-72} 14-73 | 25-85 | 32-53 

13) 31-98| 09-37| 20-29) 24-74 14] 34-66} 10-30| 23-63 | 27-30 14| ++ tee eee see 

14) 32-94] 11-12] 21-27] 25-61 15| 34-80} 09-06 | 22-66} 27-41 15| 33-55 | 09-06] 20-02} 29-01 

15| 32-67] 12:36] 21-41} 25-70 16} 34-89] 11-54] 23-21] 26-91 16} 34-70} 08-96]) 19-74} 30-12 

16} 32-50} 13-18] 22-66] 25-36 17| 33-07] 10-30 | 22-38 | 27-90 17| 37-59 | 08-34 | 21-41) 30-61 

17| --- 0g HO tee 18) 36-37 | 10-51) 21-13 | 28-62 18} 39-39] 10-92 | 22-52) 32-97 

18} 33-65] 11-33] 21-68] 25-41 19| --. tee eee soe 19| 33-43} 07-11 | 19-74| 30-00 

19} 33-59! 08-75| 21-41] 25-45 20| 23-96] 01-34} 15-01 | 22-27 20| 34:94} 08:55 | 20-71} 30-18 

20) 35-02] 09-99| 22-24| 26-60 21) 26-60} 00-00} 11-26} 15-84 21) «+. tee ao see 

21} 35-43} 10-30] 23-21] 26-52 22) 30-22] 06:59} 15-85] 22-32 22) 33-79 | 09-89} 21-13] 30-38 

22) 30-70) 05-97| 16-68] 21-46 23| 28-89] 06:28} 17-10} 22-68 23) 37-76| 09-99 | 21-82} 30-21 

23) 32-43) 04-22) 16-54) 19-90 24) 28-64] 06-80} 16-82] 21-21 24| 38-43 | 10-92 |[22-93]| 30-85 

24, .--. tee see tee 25) 24-32) 03-19) 17-10] 23-41 25| 39-57 | 12-26] 24-19| 31-49 

25| 29-80 | 06-59} 18-21] 22.27 26| «-- eee es see 26] 38-87} 10-51 | 23-21] 31-46 

26| 30-05] 07-62| 19-88] 23-21 27| 27-52) 05-15] 18-76] 23-31 27| 36-67} 09-68 | 22-93] 32-55 

27) 30-27| 08-55 | 21-68| 23-34 28] 30-36] 06-28 | 18-90} 25-92 28) «= see one eee 

28} 31-29} 08-34] 21-27| 24.22 29) 30-68) 07-21] 18-21] 25-16 29| 29-95| 00-93 | 13-90) 24-74 

29| 30-19} 08-03} 19-46| 23-01 30} 34-87 | 09-27 | 20-29 | 28-07 30| 31-62} 03-91] 17-24| 27-07 

30} 28-20} 03-40} 15-85] 19.26 31] 33-35] 08-75 | 20-71 | 28-30 31] 33-50| 05-05] 18-76] 28-55 

Oe ee ee ee ee ae Oe (Fe ee ee ee cee cr een 
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TABLE XXXIII.—Continued. 

Date. | Maker.|Trevan.| Sing. | Hobar. || Date. | Maker.|Trevan.| Sing. | Hobar. || Date. | Maker.|Trevan.| Sing. | Hobar. 

1845. 1845, 1845. | 
Jan. 1} 33-04] 07-72] 20-29] 29-87 || Mar. 4) 38-17) 13-60 | 25-16) 38-18 | May 5| 36-04) 12-46| 20-58) 37-76 

2) 35-65 | 10-09) 20-71 | 30-48 5| 38-01] 15:45] 25-16| 37-36 6| 36-83 | 15-96) 25-30) 39-41 
3| 37-25 | 09-17) 22-10} 31-95 6| 39-12} 14:32] 26:55] 39-20 7| 37-17) 14-63 | 26-00) 39-94 
4) Hiscte 69 cae ape 7| 38-73 | 14-93 | 26-27) 38-51 8| 39-24| 15-35 | 26-41} 40-18 
5} 39-06} 10-51] 23-21} 33-12 8) --- see see see 9| 40-09) 15-45 | 26-69] 40-45 
6| 39-88 | 11-33] 24-19) 31-73 9| 36:59} 14-01 | 25-02] 37-65 10} --: 78 see eee 
7| 40-85 | 12:46] 23-91] 33-94 10} 35-76} 14-01 | 24-33] 38-47 11) 38-04] 16-79 | 26-55 | 40-21 
8} 40-13 | 13-29] 24-46] 32-76 11} 36-70| 13-49] 25-58] 38-34 12} 40-62} 15-55 | 26-41 | 40-91 
9| 18-29 | 02-68} 16-54] 26-81 12} 37-78| 14-83) 25-72) 38-12 13) 38-71 | 15-86} 26-41 | 39-77 

10) 34-46 | 05-66} 19-04) 29-34 13) 37-25| 15-04] 24-75| 36-80 14| 40-92} 14-01 | 26-00 | 40-76 
11] - ore sien ole 14/ 33-50} 12-67 | 23-36| 34-91 15| 38-95 | 14-52 | 23-49) 38-82 
12) 34-13 |[06-80| 20-43) 28-29 15) + tee see tee 16| 37-11] 11-84] 23-08 | 37-57 
13) 36-69 | 10-40) 23-35] 32-11 16) 34-83] 09-87 | 23-77 | 36-35 7 gees sat sox ae 
14| 37-80 | 10-40]| 23-77} 32-15 17| 36-43| 12-87] 24-19) 36-80 18] 36-54] 10-91] 22-80} 36-95 
15) 38-02] 13-18] 24-74] 33-38 18] 36-53 | 13-80] 25-02) 37-47 19| 36-75] 13-08 | 24-19) 36-38 
16| 37-87 12-57} 25-02] 33-80 19| 31-83] 13-70 [22-94]| 34-40 20) 38-89} 15-04] 24-19] 38-67 

_17| 37-63 | 12-46 | 22-66) 34-26 20) 35-53] 13-90| 24-00) 36-00 21) 38-01 | 14-11] 24-88] 39-58 

18} + ie 2s 200 21) 34:55) 12-26} 21-00) 34-11 22) 39:52] 13-29] 24-19] 37-98 
19} 29-22} 06-80] 17-93} 28-42 22| +. oon tee cee 23) 38-52] 13-39| 24:19] 38-15]. 
20) 34-19} 02-68) 17-93] 29-70 23) 33-30] 10-51 | 20-44} 33-88 24| «rs “ss oe S00 
21) 34-84] 09-27} 19-46] 31-52 24) 30-00] 08-55} 19-19] 33-50 25| 38-45 | 12-67 | 25-02 | 40-59 
22) 39-84| 10-61] 21-55] 34-42 25) 34-11] 11-54} 21-97] 34-52 26) 40-03 | 14-52) 25-30] 41-32 
23) 33-18] 08-14] 20-58} 30-49 26) 34-13] 10-40} 20-71| 34-57, 27| 41-10} 15-04] 26-55 | 42-63 
24| 33-68 | 06-69) 20-85} 31-36 27| 33-70 |[12-05 | 22-66} 36-00 | 28| 42-47] 15-66] 26-69 | 41-64] 
25) +s: soe O00 eee 28) 34:50| 12:05] 22-10) 35-05 29| 40-92| 14-83 | 26-97 | 41-22] 
26| 34-28 | 06-79| 20-44} 32-58 29) --- tee tee tee 30| 37-90 | 12-36} 24-05] 39-37} 
27| 38-11 | 08-65] 22-52} 33-28 30| 36-35 | 12-36 | 22-52} 37-03 | 31) + seis aoe eed 
28) 35-04 | 07-83 | 20-30) 33-45 31| 36-62] 14-32] 25-02] 38-90 | June 1] 37-50 | 08-96 |[21-40]} 37-01] 

29| 34-32 | 09-48 | 20-02| 30-08 || April 1} 37-02) 14.21 | 24-33] 38-25 2| 39-18} 09-48] 23-77} 39-64] 
30| 33-44] 07-72] 20-58) 35-01 2| 37-73| 15-86| 26-00] 39-59 3) 40-71 |[12-46| 24-88 | 40-56] 
31| 33-34 | 10-81 | 22-52} 33-71 3| 37-42) 14-73 | 25-30) 38-53 4} 39-25] 12-05] 24-19] 39-80} 

Feb, 1} -:> tee a0 oes 4| 34-40) 11-84] 23-77| 36-22 5| 41-55 | 13-60} 25-86] 41-67] 
2} 36-33) 10-81} 23-08) 34-34 6) oon vee eee tee 6| 40-98 | 16-07 | 28-08] 43-12} 

3| 36-55) 11-43} 23-91) 34-96 6] 35-74] 14-32] 25-16] 39-12 qe oe nv aus 7 
4| 37-02) 11-12] 23-36] 34-89 7| 38-28) 14:42 | 25-02] 37-90 8) 40-20] 14-21] 26-00] 40-72) 
5| 33-12} 08-14} 19-32] 33-67 8] 35-79| 16-69} 27-11] 37-60 9| 43-53 | 16-48]| 27-25 | 42-18] 
6) 34-24) 11-64] 22.94) 32-66 9} 39-45] 15-86| 26-41] 38-67 10) 42-65 | 16-48} 27-53 | 

7| 35-37) 12-05] 24-19] 34-89 10| 38-68] 16-48] 26-97] 39.37 11| 38-01] 13-90] 26-27 
8) tee aes sists 11] 37-86] 16-48] 26-97] 39-85 12} 36-10} 15-14] 26-69 
9| 35-77 | 11-84] 24-85] 35-67 12) + vee tee oon 13) 36-14] 15-24] 27-11 

10) 35-80} 13-80] 24-75] 34-60 13} 18-70} 12-36]} 23-49] 33-88 14) --- 22t poe 
11| 37-60} 13-80} 26-55 | 37-91 14} 31-55] 06-90} 18-35] 30-15 15| 40-05] 15-66] 27-39 
12) 37-38 | 14-21] 25-30} 36-70 15) 34-70} 09-27 | 22-10] 34-57 16| 39-69} 16-17] 27-66 
13) 37-92] 13-80] 25-86) 38-20 16} 34-02] 10-51 | 22-38] 35-13 17| 37-72| 14-83} 26-55 
14) 37-54] 15-35] 26-27}| 36-81 17| 35-29} 12-26] 23-08] 36-11 18} 40-52] 17-82] 28-78 
15) ==: pS) “Y/ . a0e els 18] 35-37] 09-37 | 21-69} 34-59 19] 40-72} 17-20] 29-05 
16] 39-01 | 14-83 | 25-86 | 37-03 19) =: tee tee te 20| 41-07| 16-48] 27-94 
17| 37-82 14-01] 25-72} 37-78 20} 32-88] 10-51 | 21-27] 33-99 21) 2: “ac 20 
18] 37-46 | 14:32) 25-72) 36-81 21) 32-62] 12-36] 22-10) 34-65 22) 39-87] 14-42] 27-11 
19] 41-45 | 18-02] 28-08] 39-62 22) 34-28} 14-01] 23-77] 36-81 23| 41-93] 14-42] 26-27 
20) 38-29] 12-67) 23-36] 35-51 23) 38-52] 11-84] 24-47] 37-93 24) 42.24) 16°07} 26-55 
21) 32-50] 11-43} 22-28] 33-62 24) 37-55| 13-49] 23-36] 36-70 25} 40-30| 17-20} 27-66 
22) »-- ss vo eee 25| 34-27] 10-30} 21-55] 33-69 26| 40-42] 16-99} 28-22 
23) 31-60] 11-64] 21-69} 32-07 26) --- see tee oes 27| 42-62| 16-69} 28-50 

24) 30-07 | 10-09| 22-24) 32-02 27) 32-45] 13-49] 23-77] 35-30 28] «= Ji aos 
25) 34-01 | 09-37] 20-71) 30-28 28} 33-83] 08-96) 20-71] 33-78 29} 39-87} 11-43] 22-94 
26) 33-06 | 09-58] 20-99} 33-13 29} 32-92] 11-54] 23-22] 35-59 30} 40-21] 14-32] 20-44 
27| 35-07 | 10-92] 22-66] 34-04 30} 32-71] 09-68 | 21-27| 34-47 || July 1] 40-77] 14-01 | 26-27 
28] 32-90| 10-61] 21-69} 33-82 || May 1) 35-25] 08-55 | 19-88| 33-93 2) 40-50} 13-60} 24-26 

Mar. 1; --- oe. 0G ots 2} 34.48] 12:05) 17-93} 33-44 3] 40-70 | 13-60] 23-50 
2) 36-38 | 12-87] 23-22) 34.97 3] eee vee oe. vee 4| 42-47] 14:32] 24-34 

3) 37-17| 13-60] 24-33 | 37-27 4) 35-34] 13-18} 18-91] 38-64 5] tee aa B00 
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TABLE XX XIII.—Continued. 

Date. | Maker.|Trevan.| Sing. | Hobar. || Date. | Maker.|Trevan.| Sing. | Hobar. || Date. | Maker.| Trevan.| Sing. | Hobar. 

1845. 1845, 1845, 
July 6) 42-59} 15-66} 25-45 | 40-42 || Sept. 7) 34-64] 11-54) 24-19) 36-97 |) Noy. 9] 42-19) 18-13 | 28-64 | 45-02 

7| 39-43} 14-63] 25-59] 40-34 8} 37-88} 15-04) 25-86] 40-32 10} 43-34} 17-10} 28-08 | 44-31 
8} 40-60} 13-80] 26-42} 40-46 9} 36-74] 14-42} 27-11] 41-16 11] 42-17| 16-79 | 29-05 | 43-82 
9} 37-92] 15-66} 27-12} 40-50 10} 38-97} 16-89} 28-36] 41-82 12} 43-41 | 18-75] 30-03 | 45-64 

10} 38-92} 14-93) 27-53) 40-91 11; 38-76} 14-32} 26-83} 40-21 13) 44-72} 19-36) 30-72] 45-78 
11} 40-59} 17-51] 27-95} 41-59 12} 36-94; 13-70} 26-00} 39.54 14) 44-46} 19-05) 31-28 | 46-27 
Toe. sh Son aa 13) see ah anes eee PS\) ace as ae Sate 

13} 40-27} 15-45} 28-43 | 43-23 14] 36:72} 13-60 | 26-27 | 41-43 16] 45-33 | 19-36] 31-14] 46-66 
14| 42-03] 18-44) 29-61] 43-42 15) 39-02} 19-47 | 28-78} 42-09 17| 35-75 | 10-30] 22-80} 39-23 
15] 41-68] 15-65} 27-94) 42-28 16} 38-77| 16-07 | 27-80) 42-60 18} 39-10} 15-96} 26-27 | 43-99 
16) 41-22! 16-48| 29-47] 42-85 17| 35-27| 15-35] 25-02] 39-96 19) 41:02} 16-07} 27-39 | 43-93 

17| 40-89] 17-82] 29.43} 42-90 18} 35-18] 13-18} 24-19] 36-92 20} 41-47] 17-92} 28-36] 43-81 
18] 40-14/ 18-23 | 29-19} 42-68 19} 33-93} 13-08] 24-75] 39-78 21] 43-21} 17-51] 29-75 | 43-86 
19le ss ais noe ye 920| --- ee eee Me 29] ... te ee ae 

20| 40-82] 16-07} 26.69) 41-04 21) 35-36] 16-17 | 26-83} 41-43 23) 43-35] 17-30] 29-43 | 44-64 
21) 38-56) 16-79 | 27-25} 40-79 22) 38-64] 18-13 | 28-78} 42-55 24| 43-75 | 17-20} 29-89} 44-61 
22) 40-61] 16-79} 28-02) 42-25 23) 42-83] 19:98} 30-86 | 43-25 25} 47-06} 18-75 | 30-17} 48-21 
23) 43-36) 15-45} 27-12) 41-11 24) 37-30] 11-23 | 24-47} 39-00 26) 47-70| 20-70 31-70} 47-89 
24| 33-17| 07-83 | 20-72) 32-87 25) 34:88 | 06-49} 20-99} 35-92 27| 44-69} 19-88} 30-31 | 47-27 
25) 35-89] 07-83] 22-39) 34-99 26) 35-24) 10-92) 23-77) 37-37 28) 40-54] 15-45 | 26-83 | 42.05 
96 cee see see oe 27 cee eee see ry 99 eee ove eee eee 

27| 36-59| 12-77] 24-20| 38-63 28| 32-74) 11-54] 23-63} 36-54 30} 40-75 | 18-23) 29-19 | 43-81 
28) 37-56) 11:74] 24-89] 40-16 29| 35-44] 12-05 | 25-72] 38-41 || Dec. 1) 44-00] 17-61 | 27-66 | 44-31 
29] 38-90] 13-80] 25-87] 40-81 30] 38-44] 13-29) 26-83} 38-53 2) 42-85 | 16-48 | 26-97 | 45-16 
30| 39-45] 12-67] 26-42] 42-74] Oct. 1] 37-32] 09-78] 25-58} 39-18 3) 30-03 | 00-62} 14:04] 34-91 
31) 41-07 | 16-27| 29-27! 42-58 2| 38-83 | 12-87} 28-22) 40-62 4| 37-93] 11-12] 22:52] 40-68 

Aug. 1] 41-54} 11-43] 23-08 | 36-76 3) 38-04] 12-15] 26:55 | 39-91 5| 36-02} 09-27 | 21-13) 39-86 

3| 35-10] 11-33} 23-77] 37-04|| © 5] 38-67] 16-27] 28-22] 42.91 7| 39-45 | 14-42] 25.44} 43-61 
4; 37-17} 10-00) 23-36 | 36-95 6] 40-55 | 13-60] 26-83} 42.49 8| 43-08] 16-38 | 27-39 | 44-54 
5| 36-53] 12-67| 24-75| 39-31 7| 39-73 | 14-52] 28-22} 42.36 9| 44-75 | 16-79} 29-61 | 46-26 
6} 38-48] 14-63] 24-88 | 40-16 8| 41-41) 14-01] 29-47] 42-71 10) 44-52} 18-23} 29-61 | 46-84 
7| 35-84} 14-83} 24-61 | 38:07 9| 32-66) 13-80| 26:00} 39-10 11} 44-03 | 18-75 | 29-75 | 46-94 
8) 38-30] 13-70} 24-61] 38-43 10) 36-25] 10-40} 24-61) 39-20 12) 41-95 | 18-44] 28-64] 46-38 

10} 38-81] 14-21] 26.00] 39.96 12) 38-15} 15.04} 27-53 | 40-70 14) 38-38} 14-42} 26-27] 44-37 
11) 37-91| 13-90] 27-25 | 41-37 13) 41-06] 15-86) 29-05 | 41-77 15] 38-36] 14-83 | 26-55} 42-98 
12} 39-90] 17-51} 27-80} 41-89 14) 40-15] 18-85] 30-31] 43-06 16) 39-22] 15-24] 25-72) 43-37 
13] 42-36] 17-30} 27.94 | 42.47 15} 38-48 | 17-30] 29-47 | 42-78 17} 40-54] 16-17] 26-97| 45-31 
14) 42-96 | 17-72} 28-78 | 43-55 16| 39-88 | 15-66] 29-89] 42.96 18} 40-79] 15-35 | 26-97) 43-99 
15] 37-86 | 13-29} 25-30 | 40-53 17| 38-15] 13-39) 27-11} 42-14 19} 44-82] 17-82) 28-50] 46-84 
1G G.. aa ee ase TaN cee ete Lee A 20| ... nt ifs Be 

17| 37-57| 13-18] 24-75 | 38-72 19) 43-22| 17-41] 30-03 | 45.32 21) 45-22] 18-75 | 29-33] 49-37 
18) 35-79| 12-67} 24.47] 38-99 20} 36-92] 11.23] 25-02} 40.23 22) 45-77| 17-92] 30-03| 48-83 
19] 40-05] 17-19] 28.22] 42-09 21) 31-45) 11-12] 24-47} 38.99 23) 46-84] 20-08] 31-42] 50-69 
20) 38-90} 17-30} 28-64] 42-79 22| 38-25 | 13-80] 25-86] 42.39 24| 45-41] 16-89 |[28-36]| 50-72 
21) 39-88) 17-51] 30-03 | 43-77 23) 39-53) 14-42} 26-00) 41-64 25) 45-80] 19-88] 30-17} 50-75 
22) 41-47) 14-83) 27-25] 41-62 24| 37-71) 10-61 | 22-66| 38-80 26] 46-83) 16-69] 31-70| 49-75 
eas: sae SHE abe OB aes te es eae Bill Vee Av ass ie 

24) 39-64] 13-49] 26.00) 39-86 26) 38-30] 14-11] 25-58] 43-06 28) 43.25) 19-88) 29-75] 46-95 
25) 40-93} 16-48 | 29.05} 43-33 27| 41-62 |[15-55 | 26-55 | 43-65 29) 46-69] 20-29} 29-19} 48-24 
26| 34-74] 13-18) 26-27 | 41-30 28| 42-28) 16-48| 28-92) 44-58 30] 38-19] 15-66} 24-75] 42-79 
27| 37-08} 13-49} 28-08 | 42-36 29| 41-28] 15-14) 27-66 | 43-88 31) 42-08} 17-61] 27-25] 45-26 
28) 39-85 | 16-48 | 27-94 | 42-26 30} 43-06 | 17-72} 30-17) 46-84]| 1846. 
29) 35-15} 09-68} 23-22] 35-21 31] 43-08] 17-10 | 29-75 | 45-24 ||Jan. 1] 43-75] .-- Hod 46-87 
30| --- Bay A eee || Nov. 1] --- Mie ae bee 2) 44-64] «-- bay IAG: 80 
31] 32-87] 10-92] 23-91} 37-58 2) 34-04 | 12-87]| 25-44} 41-21 3] ee: see tee see 

Sept. 1} 35-01} 11-02) 24-47} 36.20 3] 38-57 | 20-19) 27-53 | 42-30 4| 43-67 48-74 
2| 32-44] 10-09) 24-33 | 36-49 4) 39-85 | 17-92| 26-97 | 44-17 5] 45-38 : 48-82 
3) 34-03] 08-65 | 23-08 | 38-47 5| 38-67] 16-38 | 25-86] 43-04 6| 45-92 48-28 
4) 35-92) 12-98 | 24.88] 38-30 6] 42-02] 18-75 | 25-86} 42-55 7| 42-57 45:81 
5| 35-64] 13-70] 26-00 | 40-53 7| 37-83 | 13-49] 24-19} 41-16 8] 43-70] «+ 45-52 

: (= ee oe sie satd ie oe ake ; unt Ol AAG 7. ee 47.46 
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APPENDIX. 

Determinations of Corrections employed in the preceding Paper on account of Turn- 

ing the Torsion Circle, or Accidental Causesof Change of Scale-Reading ; with 

the Connection of Series before and after Readjustment. 

105. Maxerstoun.*—During disturbances, when the scale went out of the 

field of the reading telescope, the torsion circle arms were turned till the magnet 

was again forced into the field: it was necessary, after the disturbance had ter- 

minated, to return the arms of the torsion circle to the original reading, when it 

was supposed that the scale-reading for the same force would be as before the 

disturbance. Experiments made in 1842, by turning the arms of the torsion 

circle backwards and forwards, and then returning them to the original reading, 

supported this supposition. A more extensive induction, however, has shown 

that the smallest shocks, and the most careful manipulations, are frequently ac- 

companied by change of instrumental readings. 

106. The occasions (after 1841) on which the arms of the torsion circle were 

moved, and afterwards returned to their former positions, were—1842, July 2; 

1843, May 6; 1844, November 16; 1845, April 13 and December 3. 

The Makerstoun bifilar was also readjusted after 1841; 1843, April 28 and 

November 10; 1846, January 1. 

On the latter occasion the arms of the torsion circle were simply moved 

through a small angle without returning them afterwards. In the case of the 

readjustments, the series of observations after adjustment were connected with 

the series before, by assuming that the mean force for three days before adjust- 

ment was equal to the mean force for the three days following it. This supposi- 

tion may manifestly be inaccurate. In the investigations which have occupied 

the preceding pages, it was necessary to correct the errors of these hypotheses; and 

it will be evident from these investigations themselves, that the errors may be de- 

termined within small limits by comparing the daily means at the place in question 

with those for other places, where the secular change does not differ much, or the 

interval is small. This method has been adopted throughout (taking care to avoid 

days of great disturbance) in determining the true changes of force at any place 

where an instrumental adjustment or accident has rendered this necessary. 

107. The series of observations at Makerstoun in 1842 was too limited (con- 

* Lat. 55° 34’ 45” N., Long. 0° 10" 3-5° W. Height above the sea, 218 feet. Observations 
Trans. Royal Soc. Edin., vols, xvii., xviii,, xix. 
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sisting of only four observations daily) to determine in this way the error, if any, 

in returning the arms of torsion circle 1842, July 2. A comparison of the monthly 

means with those elsewhere would render it probable, however, that the mean at 

Makerstoun for July is too great compared with that for June ; but no correction 

has been applied. In 1843 the series of observations was still incomplete, but as it 

consisted of nine daily observations, the means for the same hours for the periods 

in question were taken for places near the same meridian; though, owing to the 

difference of the diurnal law of disturbance at different places, the corrections 

obtained cannot be considered so satisfactory as if the whole day had been 

employed. 

108. 1843, April 23.—Adjustment at Makerstoun. The following are the mean 

forces in ten-thousandths* of the whole horizontal force at each place :— 

TABLE XXXIV. 

a 

Days. ar Change. Jee Change. || Brussels. | Change. ||Hobarton.| Change. 

April 24, 25, 26, 28. Adjust. || 27°27 21:27 21:98 39°68 

Lys) CNS Sas ee 28°60 | +1°33 || 21:35 | 40-08 || 19-67 | —2°31 | 38°73 | —0-95 

<n Jp ee 28°89 | +1°62 || 22:26 | 40:99 }| 22°39 | +041 

Mean Change,-. . . . +1:47 +0°538 — 0:95 —~0:95 

By St Helena, the values at Makerstoun, after April 28, require the correction —0:94 
;, Brussels, nee ea sie — 2°42 
», Hobarton, nen Bae ape — 2-42 

The correction — 1:00 was adopted before the results at Brussels and Hobarton 

were obtained. This correction is probably too little, though, since the correction 

for temperature at Brussels was only approximate, and the difference of meridians 

at Hobarton is so great, the results by the two latter places should perhaps have 

a less value than the result from St Helena. 

109. 1843, May 6.—Torsion circle arms turned and returned. 

By the mean of the three places (see Table XXXYV.) the values at Makerstoun, 

after turning the arms of the torsion circle, require the correction — 7:95. The 

correction adopted after May 6 was — 8:00. A more extended comparison, in- 

cluding more days, and the observations at Hobarton, would render it probable 

that this correction is also slightly too little. 

* In this Appendix the units are always ten-thousandths of the force, unless when sc div. 
(scale divisions) is affixed. 

VOL. XXII. PART III. TD 
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TABLE XXXV.—MEANS BEFORE AND AFTER TURNING THE TORSION CIRCLE 
ba GRE aT ER 

May 6, 1843. 1:00 = 000" 

Days. Makerstoun. Brussels. St Helena. Soares 

May 4, 5, 31:44 23°27 23°80 29:28 

eto. 17-77 2°76 0-67 797 

Change, — 13°67 — 20°51 — 23:13 — 21-21 

Correction of 
Makerstoun, — 6:84 — 9°46 —754 

110. 1843, November 10.—Adjustment. 

TABLE XXXVI—MEANS BEFORE AND AFTER ADJUSTMENT. 

November 6, 7, 8, . 

Cape of 
Days. Makerstoun. St Helena. Good Hope. Hobarton. 

4:18 2:08 3°59 9°95 

Me 1d a at 4-18 2:32 5-42 10-57 

0:00 + 0:24 + 1:83 + 0°62 Change, . 

The correction to Makerstoun after November 10 should be + 0°90. No correction 

has been applied in this case. 
111. 1844, November 16.—Arms of torsion circle turned and returned. 

Trevandrum (November 18, 19, 20, 21), minus (November 11, 12, 13, 14), —7-00 
Singapore, : : : 4 : : : — 3:07 
Hobarton, — 4:26 

‘ Mean of three places, —4-78 
Makerstoun, — 5°27 

The means at Makerstoun after November 16 should therefore be corrected by 

+ 0°5; but as in other cases where the correction is small, none has been made. 

112. 1845, April 13.—Arms of torsion circle turned and returned. 
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Bifilar mean (April 14, 15, 16, 17), minus bifilar mean (April 8, 9, 10, 11). 

Cape of Good Hope, = —8:23 
Trevandrum, == 2 @)oy71 

Singapore, — —7:18 

Hobarton, = — 6°83 

Mean of four places, = —7:87 
Makerstoun, — — 568 

The means at Makerstoun after April 13 should therefore be corrected by + 2:2. 

This correction has not been applied. 

113. 1845, December 3.—Arms of torsion circle turned and returned. 

Bifilar mean (November 28, 30, December 1, 2) minus (December 4, 5, 7, 8). 

Trevandrum, . i u = — 6:02 

Singapore, . : : ; 5 = —4:96 
Hobarton, = 232 

Mean of three, t ; 3 = — 4:43 
Makerstoun, . : : é ‘ = —E0)7/ 

The means of Makerstoun after December 3 should therefore be corrected by 
—(°36. The correction has not been applied.* 

114. 1846, January 1.—Arms of torsion circle moved forward. In this case 

the amount of scale reading changed was found to agree with the change of 

torsion circle reading. To verify the change we have the following com- 

parison :— 

Bifilar mean (December 28, 29, 30, 31) minus (January 2, 4, 5, 6). 

Makerstoun, : ‘ , : = +3:29 
Hobarton, . ’ : ‘ i =+329 

The exact agreement is of course accidental. 

115. Care or Goop Hopz,+ 1843, April—Adjustment. No observations of 

the bifilar at the Cape have been published for the month of April 1843; it has 

been difficult, therefore, to connect the series before and after the adjustment of 

that month. Had the monthly means before and after the adjustment agreed 

with those at St Helena for the corresponding months, St Helena observations 

might have been employed as guides. This, however, is not the case, the 

monthly changes after May being very different at the two places. The only 

other monthly means available for such a correction are those at Singapore and 

Trevandrum, where the secular variation for the same epoch resembles some- 

what that at the Cape. 

* The Cape means not employed, as the readings were descending rapidly by secular or instru- 
mental change at the time. 

+ Lat, 33° 56’ S., Long. 1" 13™ 56s E. of Greenwich. Observations, vol. i, printed under the 
superintendence of Lieutenant-Colonel E. Sasinz. 
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By Singapore, April minus March = —1:32; we: minus April = — 0:04 
, Trevandrum, ... ie ae a 0-07, 
yy Nteblelena,, cee peer ae = —O079 
» Lhe mean, / ... bi, ee SS me bee © eee OO 

These quantities have been Med to obtain the value for March 1843 at the 
Cape; though it is evident that the value so obtained can be considered only 
approximative, owing to the very different change at St Helena. 

116. 1843, November 1.—Adjustment. As in this case only two days obser- 

vations were lost, the series has been connected by means of the corresponding 
cbservations at St Helena as follows :— 

By St Helena, November 2, 3, 5, minus October 27, 29, 30= + 2°58. 

This change from before to after the adjustment, being applied to the mean of 

the three days October 27, 29, 30 at the Cape, gives the value for November 2, 

3, 5 at the same place, upon the supposition that the series was unbroken. This 

value, compared with the mean for November 2, 3, 5 after the adjustment, gives 
a correction to be applied to all the following means. 

117. 1844, October 5.—Magnet changed, and readjustment. Not having the 

observations at St Helena for 1844, I have determined the connection of the 

series as follows :— 

Makerstoun, October 9, 10, 11, minus October 2, 3, 4, : = + 6:09 
Trevandrum, - = +850 
Singapore, se a Be : = +5°94 
Hobarton, ae dn eid : = +424 
Mean, ae nee are : = +619 

This mean has been applied as in the last case. 

118. Sr Hexena,* 1843, July 24.—In substituting a double rectangular 

case for the single cylindrical case previously in use, the instrument had received 

a shock which changed the scale reading. In order to determine the amount of 

change, the mean five days previously was compared with that five days subse- 

quently; the difference was found 19-6 scale divisions, which was assumed as the 
error due to the shock.; We find, however, by the observations at the Cape of 
Good Hope— 

Cape bifilar mean (July 26, 27, 28) minus (July 20, 21, 22) . : =— 574 
St Helena ae = + 37°88 
The correction of observations after the ‘shock to those before is faerie = — 43:62 
Or, in St Helena scale divisions, : : : : : : = — 23:08. 

This correction has been applied. 

119, 1844, February.—The magnet was removed for the determination of its 
temperature coefficient. The fortnightly means only for 1844 and 1845 are given 

in vol. i. of the St Helena Observations; the monthly means given in Table IX. 

* Lat. 15° 56’ 41" S., Long. 0h 22™ 42s W. Height above sea, 1760 feet. Observations, vol, Ve 
printed under the superintendence of Lieutenant-Colonel E. Sasrne. 

+ Adjustment, &c., St Helena, vol. i. p. 33. 
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have been obtained by interpolation from the projected four weekly means; and 

the series before and after February 1844 were connected by a mean for February 

obtained from the projected four weekly means, reference being made to the 

Cape curve, which the St Helena curve resembled at this epoch, and to the 

facts that there was a diminution of force till January, whilst after March the 

force increased at St Helena. 

120. Hoparton,* 1842, April—The last monthly adjustment was made 

April 1842. The monthly means for January, February, and March 1842 are 

interpolated from those at Makerstoun. 

121. 1843, June.—No observations were made during the first half of the 

month on account of repairs in the Observatory. The correction of the mean of 

the last thirteen days to the whole month was found as follows :— 

By Makerstoun bifilar mean (June) minus (June 16 to 80)= — 0°86. 

The correction including four other stations, Trevandrum, Singapore, Cape, and 

St Helena, was found =—1:52; but the similarity of movements at Hobarton 

and Makerstoun gives the result from the latter alone much the greater weight. 
— 0:86 was employed as the correction. 

122. 1843, July.— After the adjustment at this time, the bifilar readings in- 

creased with much rapidity, showing some cause of error similar to that at 

Toronto after February 1843. A careful examination of the means has induced 

me to reject all the monthly means from July 1843 to March 1844, both inclu- 

sive; for the purposes of comparison, the Makerstoun monthly mean changes 

have been substituted for these months in Table VI. The daily means also 

for January, February, and to March 14, 1844, have been corrected, upon the 

assumption of a regular accidental change, by —0:15 (1=0 00014) counting back- 

wards from March 15 to January 1. (See Table XXXIIT.) 

123. 1846, March 31.—The arms of the torsion circle were turned through a 

small angle (1° 27’), to diminish the scale readings, which had increased consider- 

ably since the previous adjustment. By comparative readings with a small 

bifilar before and after moving the arms of the torsion circle, the alteration 

caused in the scale readings was found —75°5.; The first observation noted after 

turning the arms was 45-0, at 1846, April 1° 0° Gott. (temp. 54°-0), which, 

according to the comparison with the small bifilar, may be considered equivalent 

to about 120-5 before turning the arms; hence, to convert the series before turn- 

ing the circle-arms into ten-thousandths of X, we have the formula 

(N—120-5) 0-000229 ; 

* Tat. 42° 52”5 S., Long. 95 49™ 50s H. Height above the sea, 105 feet. Hobarton Observa- 
tions, vols. i., ii., and iii., printed under the superintendence of Lieutenant-Colonel E, Saninz. The 
temperature coefficient employed for 1842-43 was g’=1- 50 sc. div., instead of the more accurate 
value 1-52 (see Trans. Royal Soc, Ed., vol. xxii. p. 481). 

} Hobarton Observations, vol. i., Adjustments, &c., p. xliii. 

VOL. XXII. PART III. 7B 



560 MR JOHN ALLAN BROUN ON THE HORIZONTAL FORCE 

and the corresponding values after turning the circle-arms are found by the 
formula 

(N’— 45-0) 0:000217, 

where N and N’ are the scale readings before and after the change corrected to 
54°-0 Fahr. These formule have been employed. 

124. It has to be remarked, that about 1:5 per cent. of hourly observations 

were omitted at Hobarton; and the daily means given in the Hobarton volumes 

were obtained simply by dividing the sum of the scale readings at the hours of 

observation in each day by the number of observations; thus, if only 22 hours 

(out of 24) were observed, the sum was divided by 22. It is obvious that this 
method must frequently cause error in the means, since, if the observations 

omitted were near the time of a minimum, the mean would be too low; and if 

near the time of a maximum, the mean would be too high. To avoid these 

errors as far as possible, all the observations from 1841 till 1848, which were 

omitted, have had their places supplied by quantities interpolated from preceding 

and succeeding observations, and the means have been taken anew.* 

125. TrREvaANDRUM.}—In correcting the observations for the preceding paper, 

the value of the temperature coefficient, 

q=1-98 se. div. (k=0-000144), 

was employed. This result was obtained from the observations for 1844 alone, and 

when these observations contained some errors that were afterwards discovered. 

As the changes of daily mean temperature at Trevandrum are generally less than 

1° Fahr., the conclusions of this paper will be unaffected by this error, and it has 

not been thought desirable to repeat the projections of daily means, or to recom- 

pute the four weekly means; but the daily means, Table XXXIII., have been 

recorrected by the true value of g’=2°17 sc. div. (See Bifilar Magnetometer, 

Trans. Royal Soc. Ed., vol. xxii. p. 484). The following corrections were applied 
to the observations at Trevandrum :— 

126. 1842, January.—tThe first day after the adjustment showed a consider- 

able increase, probably due to the wires; ten divisions were subtracted on this 

account from January 2 to 7. The means for January 9 and 10 were interpolated 

from Singapore} and St Helena. 

127. 1842, April 3° to 11°, both inclusive. The telescope was moving; the 

differences from April 1° at Singapore were substituted instead, and 4:3 scale 

divisions have been subtracted from all the means before April 1°. This cor- 

rection was found as follows :— 

* The error here noted is much more marked in the case of the hourly means for each month, where 
the same method of summation and division is followed. With some classes of observations (as those 
of the barometer and thermometer), the hourly means are scarcely comparable through these omissions. 

+ Lat. 8° 30’ 32” N., Long. 55 7m 59s E. Height above the sea, 200 feet. Observatory of his 
Highness theRasau of Travancore; Joun Catpecort, F.R.S., Director 1838-1849. The observa- 
tions in manuscript are in the archives of the Royal Society of London. 

{ The agreement between the Trevandrum and Singapore means is so considerable, that for all 
ordinary purposes, a few days wanting in the one may always be supplied from the other without any 
risk of error. 
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Bifilar mean, Singapore Cre 12- phic minus se 21, to oe 1)=— 7:59 
Trevandrum =— 13°30 

Correction to Trevandrum before April 1 (= —4°3 sc. div.) =— 571 

128. 1842, December 18", 19°, and to the end of the month.—Bifilar readings 

affected by spiders; bifilar differences, from December 17 to 31, at Singapore, 

substituted. 

129. 1842, December 30, 31.—Adjustment and new magnet, No. 5, employed 

Bifilar mean, Singapore (1843, Dat 8-13), minus (1842, Dec. 11-16) = + 3-57 
: Trevandrum = + 46°44 

aa 

Trevandrum bifilar correction during 1842 : 5 = + 41°87 

130. 1843, April 25.—The bifilar magnet was ohne to the sun while the 

observatory was being re-thatched; this produced a loss of magnetism, and 

rendered another adjustment necessary. The means April 25 to May 5 were 

supplied from Singapore, the difference from the means of preceding eight days 

being taken. After which the scale readings, corrected to 70° Fahr., were 

diminished by 100 and multiplied by 1:06, to reduce tothe same value of &. The 

following comparison was made :— 

By Singapore bifilar means ee U3 cari ), minus (April 21, 23, os = — 12°85 
By Trevandrum, : =—13:17 

The difference being so in no correction has been Aperue 

131. 1843, June 20, 21; July 17-23.—-Affected by spiders, and the means in- 

terpolated with reference to other places. 

132. 1843, July 24 to 30.—Evidently affected by a constant strain of spider 

thread ; in consequence, from comparison with Singapore, July 24-28, are cor- 

rected by—2°8 and July 30 (in the middle of which day the threads were removed) 

by —1°4. 

133. 1843, December 15-31.—Some accidental cause produced a change, 

December 15. 

By Singapore Centar oe 17-22), minus Shepeicin 3-8) = 42:24 
By Trevandrum, ee 7 

Correction applied to Trevandrum after December 15, - =+4-21 

134, 1844, March 31.—Adjustment,— 

By Singapore (April 1-3) minus (March 25-27) . . = —838 

This difference applied to the mean at Trevandrum for April 1-3, showed that 

the means before the adjustment should have 43:1 (=30°8 sc. div.) added, to 

connect the series. The means at Makerstoun, taken 14 days before and 14 days 

after adjustment, gave the correction 30:9 sc. div., almost exactly the same. The 

daily means before March 31 were reduced to those after by the formula,— 
(N—178'2) 0:98 + 209-0 se. div., 

where N is the daily mean before March 31. 

135. The following daily means are supplied from Singapore, on account of 
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the action of spiders :—1844, June 3 to 26, December 11 to 16; 1845, January 

12 to 14, March 27 to April 13, June 3 to 9, October 27 to November 2. Besides 

these dates, there are some others in which it is extremely probable, that spiders’ 

threads were attached to the magnet; but as this could not be proved, no altera- 

tion has been made in these cases. 

136. SiveaporEe.*—On comparing the Singapore bifilar observations with those 

at Trevandrum, &c., the daily mean scale readings were found to have altered 

suddenly on different occasions; the corrections for these changes were determined 

as follows :— 

137. 1842, January 20.—A sudden change occurs ;— 

By Trevandrum bifilar means (Jan. 20, 21, 24, 25, 26) minus (Jan. 12, 13, 14, 17, 18) = — 2-87 
By Singapore a - = + 5:06 

Correct Singapore means before January 20 by 5 : . : 5 +742 

138. 1842, February 2.—A change occurs in this foes 

By Trevandrum bifilar means atesen 7-10) minus (Jan. ie ieeaes = —2°55 
By Singapore sar = + 3°69 

Correct Singapore means before February 2, by : - ; + 6:24 

February 2, is interpolated from Trevandrum. 

TABLE XXXVII.—CuHaAnGEsS or Daity MEAN BiFitarR SCALE READING, May 13, 1842, 

k = 0:00014. 

Corrected minus 
Date 1842. Hobarton. | Trevandrum. | St Helena. Singapore. Observed. 

Sc. div 

May 15 minus May 13 + 0:92 ag 
Gis 15 —11:77 a 
1 aes 16 + 6°59 + + aie 

18 YE) 17 + 453 = AF + 

LO 5 18 — 0:50 - = a 
20 es; 19 + 2°69 + + = 
22 20 + 2°39 + aL 4 
23° 95; 22 + 0°75 _ + =e 

2 23 — 0°65 + + =f 
Oe 24 — 0-41 — — se 
260 25 — 0-66 — a 
2 ode 26 + 0°52 + = 

29) 27 + 0:12 _ ot 
30 ames 29 + 0:25 ae = 

Bile Gt 30 + 0-16 + ae 

* Lat. 1° 18’ 32” N., Long. 64 55™ 46s HE. Height above the sea, a few feet. Observatory of 
the East India Company ; Director, Captain C. M. Exxtot, F.R.S. The observations in manuscript 
are, it is believed, in the archives of the Royal Society. Copies of some of the observations are also 
in the Library of the Trevandrum Observatory. The observations have also been printed, but not 
published as yet. 

+ It is not improbable that there is an error in the mean for May 20 of 10 se. div. (k= 0001946), 
or 18°9 se. div. of the table. 
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139. 1842, May 13.—It appears to me that some accidental cause of change 

was acting at Singapore from this date till May 25. The preceding table of daily 

changes of force from the 13th May at Hobarton, Trevandrum, St Helena, will 

show the grounds on which this belief is founded. The Singapore daily means 

after May 13, being corrected by the means of the changes at Hobarton, Trevan- 

drum, and St Helena, and the differences (corrected means minus observed means) 

taken, the last column was obtained. The daily means, May 14-25, corrected 

from the observations at the three places, have been substituted; and as the last 

days, May 26-30, show a mean permanent diminution of 1:2 sc. div. (=1°68), 
this quantity has been added to the observations before May 14th. 

140. 1842, July 24.—An accidental change appears to occur,— 

By Trevandrum bifilar means (J a 25- ea minus SH ns 18— ape =+ 1:86 
St Helena : =+ 1:93 
Hobarton a he of oot =+ 1:37 

Mean , ane yet eee =+ 1°72 
Singapore aie ser See mie = +19-26 

Therefore, correct Singapore before July 24, by . : . +1754 

July 24 is supplied from the three places—changes from the 22d being, 

Trevandrum. St Helena. ) Hobarton. Mean. 

July 24, minus 22, — 2:55 — 3°32 — 2-56 — 2°81 

141. 1843, February 25.—An accidental change appears to occur, 

By Trevandrum bifilar means (Feb. Pio to March ue, minus vay: uate = + 3°82 
Hobarton =+3-99 
St Helena ae oie ee = +2°58 
Cape of Good Hope .. see era eas = +543 

Mean ame jen one ete =+38'95 
Singapore Hee ae cae 208 = + 8:53 

Correct Singapore before February 25, by . 5 ° : +4-58 

142. 1844, April 28.—Accidental change at Singapore, — 

By Trevandrum bifilar means (ape: 28— ai) minus mths ez 24) =— 570 
Singapore = —11°75 

Correct Singapore before April 28, by. : 3 —6:05 

143. 1845, January 21—-22.—An accidental tates occurs between 21st and 

22d: 

By Trevandrum bifilar means (Jan, a minus (Jan, 13-17) = — 4:06 
Singapore Be =+3-19 

Correct Singapore before January 21, by : : : , +725 

The correction of + 7:0 was applied. 

144. The accidental changes at Singapore, it appears to me, may have been 

due to some slight variation in the position of the telescope; as the accidental 
VOL. XXII. PART III. 7F 
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changes after February 1843 have been on the average about 6-0, and that alter- 

nately plus and minus, the error may have been due to turning the telescope on 

its Ys through 90° or 180°, the error of collimation, being doubled in the latter 
case, and for a different wire in the former.* 

145. 1845, July.—Three of the weeks in this month seem to be affected by 

some error, similar to that noticed above; thus, taking the mean of each five days 

out of six (neglecting the first day in each week as not strictly comparable at 
different places), we have the following Table :— 

TABLE XXXVIII.—CuHaAnGES OF FIVE DAILY BIFILAR MEANS, 

k = 0:00014. 

Period. Trevandrum. | Singapore. | Hobarton. ise 

Sr div. Se. div. Bandi, Se. div. 

June 23-27. Mean 16°60 27°44 42°85 27:44. 

(June 80—-July 4) minus (June 23-27) — 2:82 0:53 2:64 2:70 

(July 7- 11) ,, (June 30-July 4) | + 1:08 4:31 0:55 218 
@uly. 142 18) 0, @uly vo mine | 8G 2:08 2-07 9-29 
(Guly 215025) 4, daw l49 Gals | — 408 1:03 4:43 4-04 
(July 28-Aug. 1) , (July21- 25) | +4. 0-24 081 2-21 0-81 

(Aug. 4- —8)_—«g,_ (July 28-Aug. 1) | — 0-02 4-48 2-03 1-47 
(Angyit- 15), (Awe, 4" 98), | 2-70 2-97 338 2-97 

The changes at Trevandrum and Hobarton agree very nearly, with the exception . 

of the mean for July 28 to August 1, which is two divisions greater at Hobarton 

than Trevandrum. A careful examination of the daily means at the three places 

induces me to conclude, that the error with the telescope occurred July 2; that 

the telescope was returned to its original position July 13; again moved July 22, 

and finally returned July 31. Ifwe take the error due to this movement (say 

turning the telescope round on its Ys) as before, at 6:0 or 4:3 scale divisions 

(1 se. div.=-00014), and correct the days on which the change occurred by only 
half this amount, we shall obtain the differences as in the last column of Table 

XXXVIII., which agree very well with those for the other places. 

146. In making this alteration it should be remarked, that errors at Singapore 

at the times noted are very probable (founding on many cases where I have been 

able to discover the causes of errors by this means); but no conclusions are based 

upon this correction, and it is not wished that any greater weight should be placed — 

upon the agreement of the means, corrected by this hypothesis, with those at 

* Errors from this cause were found to have occurred at Trevandrum. 
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Trevandrum and Hobarton, than it may seem to merit. This agreement is shown 

in hundreds of other cases; and disagreement is an exception which can be traced 

in most cases to specific causes, as unusual disturbance. 

147. On some days observations were wanting, and the Trevandrum value 

was interpolated : all interpolations are indicated in the tables by brackets [ |. 

At Singapore, also, observations had been omitted in taking daily means, on 

account of disturbances ; all these omissions have been restored by me, and the 

true daily means obtained. 

148. Toronto.*—No attempt has been made to correct the great change of 

scale readings between February and October 1843. It may be noted that the 

temperature of the bifilar magnet was considerably influenced by the heat of the 

stove, as will be seen from a comparison in winter, of the last observation on 

Saturday evening with the first on Monday morning; the latter is generally from 

2° to 10° lower than the former, the stove probably not having been used on 

Sunday, or not so strongly heated. 

149. P.S.—I should have noted, that the conclusions in the preceding paper 

have been confirmed in various ways; and that where other observations discussed 

by me have not shown the same results, it has been from causes that it might have 

seemed invidious to mention. Before any value can be given to results opposed 

to those obtained in the preceding pages, it will be necessary, in the first instance, 

to have the truly corrected daily means; their projection, as in Plate XXVIL., 

will always show where the errors have occurred, and probably from what cause. 

* Lat. 43° 39’ 45” N., Long. 55 17™ 268 W. Observations, vols. i. and ii., published under 
the superintendence of Lieut.-Colonel E, Saninz. 
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XXIV.—On the Pediculi infesting the Different Races of Man. By ANDREW 

Murray, Esq., of Conland. (With two Plates—X XIX. and XXX.) 

(Read 17th December 1860.) 

The bearing which the subject of the following communication has upon the 

much-vexed question of the unity of the human species, and the inferences which 

may be drawn from it in relation thereto, invest it with an importance which 

would not otherwise belong to it. 

The position which the question I allude to at present occupies is this. On 

the one hand, the advocates of the view that all men are not of the same species, 

but that they compose a genus consisting of many species, maintain that the 

parasites which infest the different races of man are distinct ; and because we 

usually find that ‘distinct species of parasites are allotted respectively to the 

different species of the lower animals, they infer that the same rule must hold 

with man, and that therefore each different race possessing a distinct parasite 

must be a distinct species. Their opponents, on the other hand, deny the fact 

that these parasites are distinct, asserting that one and the same species of 

Pediculus, and no other, infests all the races of man in every quarter of the globe; 

and I believe they add, that, even although they were found to be distinct, the 

inference thence drawn is neither necessary nor warranted. But, in the first | 

instance, the parties are at issue as to the question of fact. It may seem strange 

that this should be the case, as the very circumstance that the statement has 

been made and denied, implies that the subject or object has been examined by 

at least two observers (the first affirmer and the first denier), and probably by 

many more ; and unless the inquiry be attended with more than common diffi- 

culty, such an examination should have furnished materials for its settlement. 

The explanation of the discrepancy, and of the opposing opinions entertained on 

the subject, lies, 1 believe, in this, that the affirmative statement has probably 

been made on the strength of a comparison between the Pediculi found on the 

negro and those found on white men, the former being the exotic race most 

accessible to the observation of American ethnologists, from whom the above 

statement has chiefly emanated; and as the parasite of the negro is blackish, 

while that of the European race is whitish, the hasty observer has thereupon 

jumped to the conclusion that they are different ; while the more deliberate 

observer, who has noticed that the colour is greatly owing to the contents of the 

semi-transparent body, has, with similar inconsequence, come to the conclusion 

that there is no difference but that of colour; and that the colour of the parasite 

is solely owing to the hue of the pasture-ground. No other differences, so far 

as I know, have ever been noticed. 
VOL. XXII. PART III. 74 
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Feeling it to be desirable that the matter of fact should be ascertained,—that, 

whatever may be the result, and whatever effect that result may have on the 

question into which its services have been pressed, we should at least know what 

the truth really is,—I have taken advantage of the opportunities which a some- 

what extended correspondence with foreign countries has put in my hands, to 

endeavour to find out how the fact stands; and I propose now to submit to the 

Society the result of my inquiry. 

I would premise, however, that the inquiry has not been made without 

difficulty, and on that ground solicit indulgence for the imperfections and blanks 

which I have been unable to supply. The chief difficulty was to procure speci- 

mens, which could only be done by inducing friends to interest themselves in the 

matter. 

But the difficulty of procuring specimens is not all. There are other elements 

involving doubt which must be kept in view: one is their size, and the other their 

colour; what attention, if any, is to be bestowed upon either? As the Pediculus 

does not, like most other insects, pass through metamorphoses after issuing from 

the egg, but merely changes its skin, individuals are to be found of all sizes; 

and, unlike the beetle or the butterfly (which, after emerging from the chrysalis, 

never increase in size), individuals grow larger, merely changing their skins a 

certain number of times. All comparison of actual size is thus excluded up to 

a certain age. After their last moult, however, the skin assumes a stronger con- 

sistency and more decided colour, and a full-grown specimen can usually be 

recognised as such. In my examinations I have uniformly rejected half-grown 

individuals, and only compared those which, from their size, texture, and colour, 

appeared to be adult. 

The value of colour as a character is a point of greater difficulty. As I have 

already remarked, it is colour which has given rise to the statement that different 

species are peculiar to different races. There is no doubt that the species found 

on the white man are pale, and those on the black man dark. But in most other 

cases among insects, colour per se is either ignored as a character altogether, or 

admitted with the greatest diffidence. Further, colour may be derived from 

the nature of the feeding-ground; and it is stated by some, that if a white 

specimen, taken from a white man, be put upon a black man, it will become black, 

and vice versa. The Rev. Mr Histop, known as well for his scientific as for his 

missionary labours in India, informs me that at Nagpore he thinks he has seen 

dark Pediculi, which have found their way from coloured nurses to white children, 

after a time becoming white; and another friend has informed me that on one 

occasion, when seated in church behind two lads—the one dark-haired and the 

other light-haired, both swarming with vermin—he noticed that those upon the 

dark-haired lad were darker than those on the light-haired one. Such circum- 

stances would seem to indicate that colour was accidental, and therefore of no 
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consequence ; but it is not wholly so. The animal owes its colour to two differ- 

ent sources: the one (its true colour) to its chitonous external coveringe—this 

colour it cannot lose; the other (its accidental colour) to the food it has swallowed. 

Being semi-transparent, the contents of the body are seen through the chitonous 

skin or outer skeleton. This colour it loses when the intestines, &c., are emptied. 

I have seen a living specimen of the dirty-coloured European Pediculus, after a 

few days’ abstinence in a quill, lose all its dirty colour, and become entirely of a 

pale horny, almost colourless, hue, which is the natural colour of its external 

skeleton. The black Pediculus, gorged with the blood of a negro, would, I have 

no doubt, under similar treatment, get rid of the blackness due to the contents of 

the body, but retain that amount of brown tint which belongs to the external 

covering. Colour, therefore, is not to be wholly discarded ; and when it goes 

along with other distinctions, may be properly used as a subsidiary, although 

subordinate character in determining species. 

A difficulty of a different kind arises from there being, or being supposed to 

be, more than one species infesting the same race or the same individual. There 

are usually said to be four species found on Europeans. One of these (Phthirius 

inguinalis) is, however, not a true Pediculus, and therefore does not fall within the 

limits which I have assigned to myself in this paper—limits which I have adopted 

not from any wish or intention so to limit myself, but solely from necessity, as I 

have not been fortunate enough to procure any specimens of Phthirius from other 

nations. That other varieties or species of Phthirius exist, however, is possible, for - 

we hear of a parasite specially infesting the eye-lashes of some of the natives in the 

East Indies, which probably may be a Phthirius. Butas I have not received any 

specimens of this or any other exotic Phthirius, Iam compelled to leave them out 

of the inquiry. This does not, however, at all interfere with the accuracy of the 

results drawn from the Pediculi proper, as the Phthirius is generically distinct from 

the Pediculus, the grasping or scansorial claws, as they are called, being on the 

posterior feet instead of the anterior, so that they cannot possibly be confounded 

with them. A third so-called species of Pediculus may also be discarded from our 

consideration, as having no existence in nature—the P. tabescentium, said to be 

peculiar to diseased persons. Denny, in his work on the Anopleurze, seems to 

believe in it; but he never saw it, doubtless for the best of all possible reasons, 

viz., that it does not exist. Every instance of the supposed occurrence of this 

species, which has fallen under the notice of any competent observer, has turned 

out to be merely an unusual profusion of the common Pediculus vestimenti. In 

the only instance which fell under my own observation, this was the case. Dr 

Jackson of this city, some years ago consulted me regarding a case of the 

kind, where a patient, a young lad, was supposed to be infected. Repeated 

washings seemed to have no effect upon this terrible disease. A few hours after 

washing, the unfortunate victim was found again to be swarming as badly as 
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ever; and Dr Jackson could speak to this fact from personal observation. I ex- 

pressed my disbelief in the supposed disease, and recommended a more searching 

inquiry into collateral circumstances, and, above all, the securing specimens for 

examination. Dr Jackson soon procured these; and neither of us will, I think, 

readily forget the examination of the specimens. Not being supplied with ento- 

mological apparatus, he had put them into an old pomatum pot, which happened 

to be at hand. With justifiable pride he announced that he had secured the 

desiderated specimens, and had three in this pomatum pot, which he had care- 

fully enveloped in several folds of brown paper. On removing the paper, how- 

ever, and opening the pot, to our dismay, instead of the three specimens we 

only found one. The other two had escaped from the insufficiently secured 

vessel ; but whether in Dr Jackson’s pocket or in my room we could not tell. 

Friendship has its limits; and I confess I was unfriendly enough to hope that 

the escape had taken place before the pomatum pot reached me. Fortunately 

their comrade remained hehind to settle the question, that the supposed 
Pediculus tabescentium was only the common Pediculus vestimenti. Dr Jackson 

had further ascertained the fact that although the patient was frequently and 
carefully washed, he was always immediately thereafter re-indued in his old 

dirty flannel jacket, whence the swarms were successively supplied which asto- 

nished beholders; and the further history of the case was, that so soon as the 

dirty flannels were burned, the mysterious disease disappeared, and the patient 

recovered. Such, ] have no doubt, would be found to be the rationale of Lady 

Penruddock’s case, and of all similar recorded cases of the disease of P. tabe- 

scentium, which have obtained credence from not having been examined at the 

time; and believing it to be so, I dismiss that species of Pediculus as a fiction. 

The two remaining kinds, Pediculus capitis and P. vestimenti (the former 

appropriated to the head and the latter to the body), are more embarrassing—for 

hitherto no very good characters of them have ever been indicated. 

I think, indeed, that I have found such characters, but have not examined a 

sufficient series of specimens to be able to decide with certainty. The form of the 

head species is smaller, more elongate, and narrower than the other, and it hasa 

series of dark markings on the margin of the abdomen ; but the body species has 

the margin also similarly margined, only with yellowish instead of dark markings, 

and individuals in both species vary in breadth and length so as greatly to destroy 

the value of the characters drawn from their relative proportions. As might be 

anticipated, their specific distinctness while maintained by some authors is 

denied by others, who consider the larger variety as merely indicating more 

liberal diet and less active habits. As already said, I think they are distinct; 

and in addition to the difference in the general appearance, it will be found that 

the P. vestimenti always wants the spine at the top of the thumb, and has little 

or no projections on the inner side of the penultimate joint—characters which 
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accord with its less scansorial mode of life, which requires less powerful appli- 

ances for seizing and tenaciously retaining hold of the hairs through which it 

passes. The concurrent opinion of those who are practically familiar with the 

animals and their habits also confirms the view that they are distinct species. 
I remember the remark of a young private soldier on his return, wounded, 

from the Crimea, who, in speaking of the sufferings of the troops before Sebas- 

topol, dwelt upon the annoyance experienced from these parasites ; and in reply 

to some suggestion of mine as to the specific virtues of a small-toothed comb, 

which I believed formed part of a soldier’s necessaries, answered, “Oh! we did 

not mind the head ones ; it was the body ones,’”—thus implying a clear and well 

recognised distinction between the two in power of annoyance. We have thus 

two scarcely decipherable species infesting the same race; and when we receive 

specimens from a foreign race, we are subjected to the disadvantage of being 

unable positively to say to which of these two kinds they belong. In all but one 

or two instances, however, I have, I think, been able to refer the specimens 

received to their proper kind; and if in these instances I have failed to do so, 

still this can scarcely affect the result to which I have come, because, in the first 

place, the very similarity which prevents me distinguishing between them with 

certainty, renders a misplacement of less consequence, and, in the next place, an 

error in one or two only out of several cannot have any material effect on the 

general result, so far as the inquiry into the existence of different species or 
different races is concerned. . 

I annex at the close of this paper a detailed description of the differences 

which I have found between the specimens from the different races and locali- 

ties, and shall briefly notice their general tenor, and the bearing they have 
upon the main question which I propose to solve. 

First, is there really any difference at all in the specimens from different 

races ? i 

As to colour, I find there is a considerable difference. The coloured races 

of man have correspondingly coloured parasites. Those of the West African negro 

and Australian are nearly black; those of the Hindu, dark and dusky; those of the 

Africander and Hottentot, orange; of the Chinese and Japanese, yellowish brown ; 

of the Indians of the Andes, dark brown ; of the Californian Indians, dusky olive; 

and those of the more northern Indians, near the Esquimaux, paler, approaching 

to the light colour of the parasites of the European. 

As to form, there is not much scope for difference. In other insects, the dif- 

ference between species of the same genus chiefly consists in the sculpture upon 

the body and in the different form of some of its parts; but in the Pediculi, the 

body being soft, there is not much room for sculpture. It has a certain kind of 

wrinkled sculpture approaching to the texture which gives mother of pearl its 

iridescent lustre; and from this cause, in certain lights under the microscope, 

VOL. XXII. PART III. 7H 
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something of this iridescence may be observed on the body of the Pediculi; but 

of more decided sculpture, or special marks, we can have little. The soft flexible 

skin allows what might be a hollow or depression in one case to be raised into a 

ridge or an elevation in another. The only parts which are sufficiently hard to 

retain their form under some degree of pressure are the legs and the antenne ; 

but unfortunately, in the insect world, these parts are usually so constant through- 

out all the species of a genus, that the existence of differences there seldom fail 

to indicate a different genus. We can only expect a very trifling amount of 

difference there, and this, when found to exist, must be reckoned of greater 

value than a larger difference in some more variable parts. After a careful 

search for decipherable characters, I have found the best in the form and pro- 

portions of the legs and claws, and more especially in the anterior legs and claws 

of the male, which are (as is frequently the case in all orders of insects) larger 

and more dilated than those of the female. 

Using these as characters, then, it is impossible to deny that there are toler- 

ably well-marked differences between the parasites of different races; and as in 

several of these races I have had the benefit of a large series of specimens, I am 

able to add that these differences are constant. A glance at the drawings (Plates 

XXIX. and XXX.), which have been made with every care and precaution by 

the aid of the camera lucida, will show the nature of these differences. The 

teeth of the claw vary considerably. In some, as in the European, the Caffre, and 

the Japanese, they are scarcely visible. In others, as the Hindu, Indian of the 

Andes, &c., they are numerous, large, and almost tubercular. In others, as the 

negro and King George Sound Australian, they are limited to two or three well- 

marked serrations. The form and proportions of what I shall call the thumb, 

are also different. In some, as the Mozambique Africander, Californian Indian, 

and Indian of the Andes, the thumb is excessively developed; in others, as the 

European, the Japanese, and Australian, only moderately so. The form of the 

penultimate joint also varies to a very considerable extent, in some being long, 

narrow, elongate and straight; while in others it is conical, curved, short, and 

broad at the base. . 

There remains the question, what is the value of these differences as bearing 

upon the unity of the human species? I am bound to confess that I think 

the question is left exactly where it was before. It has been proved that there 

are differences, and that these differences are constant and permanent—that is 

no doubt something. But, unluckily, these differences are most singularly 

similar to the differences in the races whose unity is the question in dispute, and 

to solve which this evidence has been adduced. If I cannot believe that the 

negro is a different species from the European, on account of his being black 

instead of white, neither should I believe that the Pediculus of the Negro: is 

different from that of the European because it is black instead of white. If I 



INFESTING THE DIFFERENT RACES OF MAN. 573 

cannot believe that the Australian is different from the Esquimaux because he has 

proportionally a much longer leg, neither can I believe that the Australian Pedi- 

culus is different from the Slave Lake Pediculus, because it has a longer and 

straighter penultimate joint to its tarsus. If the curved tibia of the African does 

not constitute him a different species from races with straight tibias, neither should 

the greater or less curvature of the joints of the tarsi in the Pediculi be considered 

to form specific distinctions in them. It happens, however, that not only are the 

differences, both between man and man, and Pediculus and Pediculus, very 

similar in degree, but they are also differences of the same kind. They are 

differences in colour and proportion of the very same, or, at all events, analogous 

parts in both. To attempt to draw any deductions from these differences in the 

Pediculi, would therefore, as it appears to me, be something very like begging 

the whole question. 

Unsatisfactory though the result of my inquiry may thus be deemed, | 

cannot look upon it as wholly thrown away. We now know what the truth of 

the matter really is, and no longer need to argue in the dark upon doubtful 

premises. 

Explanation of Terms. 

Fig. 1. Male. Fig. 2. Female. 

a. Claw. 0. Penultimate joint. c. Tibia. d. Femur. k e. Shoulder joint. : 
spine of thumb. h. Tassel. ¢. Lamina. Pilgae dis) THamb., e--capiesl j. Salient angle. &, Re-entering angle. 

Fig. 3. 

MMO 
a. Simple. 6. Rippled. ¢. Waved. d.Toothed. «¢. Serrated. 
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Descriptions. 

The following is a brief description of the different kinds I have examined, 

preliminary to which I furnish an explanation of the terms applied to the dif- 

ferent parts, not hitherto been used as characters :— 

British.—Dirty white; elongate; antennze short, and rather robust. 

$ Anterior leg—Thumb moderate, slightly curved on exterior side; apical 

spine strong; penultimate joint of tarsus curved, not much broader at base than 

at apex; projection or inner plate small; claw equal in length to penultimate 

joint, moderately curved, very slightly irregularly rippled on the edge. 

? Anterior leg—Thumb almost awanting; apical spine the length of the 

penultimate joint, which is short and narrow; claw more than twice its length 

—not toothed. 

Scotland. 

Russian.—Dirty white; claws and tip of thumb yellow; obovate. 

é Anterior lege—Thumb large, with a slight exterior bend; spine at tip awant- 

ing, and seems never to have been there ;* penultimate joint broad at base, its 

termination more conical; inner projection or plate almost awanting ; claw longer 

than the latter, more powerful than in the Scotch; teeth irregular and shallow, 

like a slight ripple. 

? St Petersburg. (Count MoTscHuLsky.) 

Slave Lake-—Dusky blackish ; obovate. 

6 Anterior leg—Thumb large and thick, very slightly rounded externally, and 

with scarcely any bend; spine at top awanting; penultimate joint short, and 

nearly as broad at top as at base; inner projection or plate almost awanting ; 

claw nearly twice as large as the latter, thick and powerful, very considerably 

curved, with two or three smallish teeth. 

Slave Lake, from the head and body of a child. (Mr Bernarp R. Ross.) 

Californian Indians.—Dusky olive brown. Long and narrow. 
é Anterior leg—Thumb large, thick and long, not bent, only slightly rounded 

exteriorly; apical spine small and short; penultimate joint thick and robust, not 

very much wider behind than in front; inner projection almost wanting; claw 

longer than penultimate joint, moderately broad edge, not toothed, slightly 

waved or rippled. 

* Perhaps this is the specific character of P. vestimenti. 
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? Anterior lee—Thumb large; apical spine strong, as long as the thumb 

itself; penultimate joint moderate; claw a half longer, not toothed. 

California. (Mr W. Murray.) 

A very distinct form. 

South American Andean Indians.—Rich brown; body obovate; antennze 

more slender and slightly more elongate than in European. 

é Anterior lee—Thumb very long, bent like a quarter-bent thumb; apical 

spine robust ; penultimate joint long, straight, and almost as broad in front as 

at the base; the inner projection small, but well defined and distinct, nearly 

midway between the base and apex; claw shorter than penultimate joint, robust, 

abruptly thickened and enlarged at the base, so as to form a sort of head nearly 

of the same thickness until towards the tip—strongly toothed or serrated in the 

middle. 

Quito. (Prof. JAMESON.) 

This is the most peculiar species I have met with. The long thumb, and long, 

nearly cylindrical straight penultimate joint, are very peculiar; and it is the only 

species I have seen which has the claw shorter than the penultimate joint. 

South American Indians, Tierra del Fuego.—Dusky olive; obovate, 

$ Not seen. 

? Anterior leg robust—Thumb small ; apical spine comparatively very strong, 

and parallel almost to the point, more than half the length of the penultimate 

joint, which is moderate, not much narrower at the point than the base, and only 

half the length of the claw, which is rather narrow, not rapidly tapering, and 

without teeth. 

Tierra del Fuego (Mr Darwin, “ Voyage of the Beagle’), (Mr Denny.) 

Japanese.—Burnt Sienna brown; obovate. 

g Anterior leg—Thumb short and slender, subserrated at the top, not elbowed 

exteriorly ; apparently without a spine (probably the spine foreshortened); pen- 

ultimate joint long, conical, not greatly broader at base than at tip; inner plate 

or projection slight; claw long, equal in length to penultimate joint, nearly of 

uniform thickness throughout, a very little thicker at the base, not serrated, 

edge slightly rippled towards the base. 

From a J apanese in the hospital at San Francisco. (Mr W. Murray.) 

Chinese.—Rich burnt Sienna brown; obovate. 

g Anterior leg—Thumb long and well separated from the penultimate joint, 

slightly bent on exterior; apical spine distinct ;) penultimate joint twice as long 
VOL. XXII. PART III. 71 
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as thumb, wider at base than at top, salient angle slight, re-entering angle 
distinct, filled with a rather broad lamina below the tassel; claw about the length 

of the penultimate joint, simple, the distal half of its length narrow and slender, 

the base thicker. 

From a Chinaman in San Francisco. (Mr W. Murray.) : 

fast Indian —ég Dusky. Anterior leg—Thumb tolerably long, not very thick, 

projecting, scarcely bent on the exterior; apical spine distinct, but not very 

strong; penultimate joint wider at bottom than top ; salient angle distinct and 

well defined, but small; claw of the length of the penultimate joint, rather thick, 

and tapering sharply towards the point; very much toothed, the teeth sharp, 

somewhat irregular, half serrated and half waved, pointing backwards. 

? Anterior leg—Thumb distinct, about length of apical spine, which is short; | 

penultimate joint short, and rather narrow ; claw a half longer than the penulti- 

mate joint; not toothed, a good deal curved, and tapering all the way from the 

base to the apex. 

From both Hindus and Mahomedans in Calcutta. (Dr Fayrer.) 

This Pediculus has the claw more toothed than any other I have examined. 

In some the teeth or serrations are better defined and larger, but in these in- 

stances they are fewer in number; here almost the whole edge of the claw is 

tolerably deeply toothed, so much so as to be visible with an ordinary lens. 

Australian (King George's Sound).—Dark brown; obovate. 

¢ Anterior leg—Thumb projecting, but not robust; antennze more slender 

than in the European species, less so than in the Andean species; apical spine 

moderate; penultimate joint robust, very little curved, not greatly wider at base 

than apex, inner plate nearly awanting; claw longer than penultimate joint, 

not slender, and with two very well marked serre or teeth, one in the middle, 

the other intermediate between it and the apex, and the trace of a third inter- 

mediate between the second and the apex. 

From the natives of King George’s Sound. (Mr G. MAxwELL.) 

Australian, Wimmera Tribe-—Dusky ; rather elongate. 

é Anterior lee—Thumb slender, about half the length of the penultimate 

joint, slightly rounded, not bent on the exterior; apical spine rather short. Pen- 

ultimate joint truncato-conical, much wider at the base than the apex, with 

scarcely any inner plate or projection; claw curved, and tapering gradually, not 

toothed. 

Wimmera tribe, Australia. (Mr LEARMONTE. ) 

Caffre.—Orange-coloured, oblong ovate. 
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¢ Anterior lee —Thumb small, narrow, and applied pretty closely to penulti- 

mate joint, with a long spine. Penultimate joint elongate, a little broader at 

the base than at the apex, inner projections almost awanting, or, rather, a hollow 

before the place where the projection usually is; claw narrow, equal in length to 

the penultimate joint, nearly equal in breadth, except at base and apex, without 

teeth. 

South Africa. (Mr Denny.) 

Hotientot.— Yellow, oblong ovate. 

? Anterior lege—Thumb scarcely existing; apical spine slender and tapering to 

a fine point, sharply from the base. Penultimate joint very long and conical, 

narrow at point, not very wide at the base, without inner projection; claw small, 

tapering slowly until near the top, when it comes rapidly to a point about three- 

fourths of the length of the penultimate joint,—toothless. 

Cape of Good Hope. (Mr Denny.) 

Mozambique A fricander.—Orange-coloured, black in the middle ; large, obovate. 

6 Anterior lee—Thumb large, long, and with a decided bend like a quarter bent 

thumb, with a long and strong spine at tip. Penultimate joint shorter than 

claw, somewhat curved, wider at base than apex ; inner plate large and well de- 

fined, with shoulders and a projecting rounded point; claw long, but comparatively 

not very robust, rather curved, and with sharp pointed, ripple-formed teeth. 

? Anterior leg—Thumb distinct, apical spine very long (bent outwards), more 

than twice the length of the thumb. Penultimate joint very long for a ¢ and 

truncate-conical; inner plate distinct; claw narrow, sub-parallel, shorter than 
penultimate joint—not toothed. 

South Africa. (Mr Denny.) 

The largest kind which I haveseen. Very distinct and well marked. 

West African Negro.—Dark, olive black, somewhat elongate. 

é Anterior leg—Thumb short, with a strong thick spine, without exterior bend, 

or nearly so. Penultimate joint as long as claw, not much curved, broader at 

base than at top, inner plate distinct, but not large ; claw comparatively slender 

towards tip, with three serriform teeth. 

? Anterior leg—Thumb almost awanting ; apical spine rather slender, only half 

the length of penultimate joint; claw long and narrow, without teeth. 

Georgia—from a genuine freshly imported West African negro. 

(Mr Denny. ) 
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Explanation of Plates. 

Puate XXIX. 

Anterior claws of— 

Do 

Be CoS? St 380 be = 

— — 

1. Pediculus capitis (Scottish) ¢ 
D 0. 2 

(Hindu, Calcutta) ¢ 
Do. 

(Caffre) 
(Mozambique, Africander) g 

Do. 
(Californian Indian) 6 

Do. 2 
(Australian, King George 

Sound) ¢ 
(Genuine West African 

Negro, imported into 
Georgia) ¢ 

PLATE 

Anterior claw of— 
21. Pediculus capitis (?) (Chinese) g 
92. Antenne of No 
23. Do. 
24. Do. 

25. Do. 
26. Do. 

Die Do. 

28. Do. 
29. Do. 

30. Do. 

No 
No 
No 

No 

No. 

No. 
No. 

No. 

. 13 (Quito) 
. 10 (King George’s Sound) 
. 16 (Japanese) 
. 17 (Tierra del Fuego) 
. 19 (Wimmera tribe, Aus- 

tralia) 
3 (Hindu) 
6 (Mozambique, Africander) 

18 (Hottentot, Cape) 
8 (Californian Indian) 

Anterior claws of— 
12. Pediculus capitis (Genuine West African 

Negro, imported into 
Georgia) @ 

(South American Indian, 
Andes, Quito) $ 

14. Pediculus vestimenti (Russian) ¢ 

13. Do. 

15. Do. 

16. Do. 
17. Pediculus capitis 
18. Do. 
19. Do. 

20. Do. 

XXX. 

(North American Indian, 
Slave Lake) ¢ 

(Japanese) ¢ 
(Tierra del Fuego) ? 
(Hottentot) 9 
(Australian, Wimmera 

tribe) ¢ 
Do. 4 

31. Antenne of No. 15 (Slave Lake Indian) 

3). Do. 
33. Do. 
34, Do. 

30. Do. 

36. 1 Do. 

one Do. 
38. Do. 

No. 21 (Chinese) 
No. 1 (Scottish) 
No. 11 (West ~ African 

from Georgia) 
(American Negro, full 

blood) 
(West African Negro, 

W. Africa) 
No. 5 (Caffre) 
No. 14 (Russian) 

Negro, 
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XXV.— Expedition to the, Higher Ranges of the Anamalai Hills,* Coimbatore, in 

1858. By Hueu CLecHorn, M.D., Conservator of Forests, Madras Presidency. 

Communicated by Professor Baurour. (With seven Plates, XX XI-XXXVIL.) 

(Read 29th April 1861.) 

The excursion described in the following pages was planned by Dr Macruerson, 

Inspector-General of Hospitals, and myself, with a view to explore the Southern 

Range of the Anamalai (7.e. Elephant Hills), in the district of Coimbatore, which 

are sparingly laid down in the Great Trigonometrical Survey Map, while the 

peculiarities of their Fauna and Flora had not been recorded. 

The project was approved by the Right Honourable Lord Harris, then 

Governor of the Madras Presidency, and the services of Major D. Hamitron were 

sanctioned by His Excellency Sir Patrick Grant, Commander-in-chief, to accom- 

pany us as artist, to delineate the characteristic features of the country. 

On the 15th September 1858, according to previous agreement, the village of 

Kotir, ten miles from Pulachy, and six from Anamalai,t was the place of 

rendezvous. The party consisted of J. W. CuEerry, Esq., Collector of Coimbatore ; 

Drs Macpuerson and Cornisu, Major D. Haminton, 21st N. I.; Captain Fans, 

Lieut. R. H. Beppome, 42d N. I.; T. B. Frencu, S. L. Kor, W. Fraser, C.E., and 

O. B. Irvine, Esq., Assistant-Collector, accompanied with seven elephants. We 

started at 4 a.M., and arrived at the Anamalai river at 20 minutes past 5; the 

distance six miles, and the road much trodden by sheep and cattle. By the light 

of early dawn, we distinguished the candelabrum-like stems of Huphorbia antiquo- 

rum, and the drooping foliage of Salvadora indica, which in habit resembles the 

weeping-willow, and here attains a large size, the trunk being 10 inches in 

diameter. After crossing the river, which was deep and rapid, in leaky basket- 

boats, we traversed a number of rice fields, and entered the bamboo and tree 

jungle which lies in the hollow between the river and the ascent to Punachi, and 

which becomes exceedingly thick and wet along the water-courses. After pro- 

ceeding about a mile, we ascended by a winding bullock path, and reached Punachi 

at 9:30. The ghat we calculated to be at least three miles long. It is very steep, 

but easy enough for coolies; and in one or two places we dismounted. The 

ponies scrambled over the boulders easily; but the elephants, though lightly 

* The reader will find an interesting narrative of an Expedition over the Anamalai mountains 
(northern range), by Capt. (General) F. C. Corron, Engineer, in the “‘ Madras Journal of Literature 
and Science,” vol. ii. N. S., p. 80 (1857). 

+ North latitude 10” 27, Hast longitude 77. Plate XXXIJ., Pancrama of mountain range 
from this village, showing the eastern aspect of the hills. 

VOL. XXII. PART III. (fans 



580 DR HUGH CLEGHORN’S ACCOUNT OF AN EXPEDITION TO THE 

laden, followed slowly and with difficulty, not reaching the huts till near dusk. 

The most trying work (see Plate XXXIV.) for laden elephants is crossing the 

bed of mountain streams, as the sloping boulders offer a precarious footing for these 

heavy animals. From the top of the ghat to Punachi is above three miles of ascent 

and descent; about two miles from the top may be seen a magnificent precipice 

about 200 feet high. The bluff rock overhanging the Torakudu river is reddish 

porphorite. The hills, like the Nilghiris and the Coimbatore district generally, 

consist of gneiss, and belong to the metamorphic rocks; veins of felspar and 

quartz were common, some of them very large, crossing the foliated gneiss 

at right angles. The gneiss was generally of a grey colour, but in some places it 

was reddish. No crystalline limestone such as is found associated with the gneiss 

in Coimbatore was observed. 

According to instructions given by Mr Cuerry, the Kaders had prepared three 

huts and stabling for us, in an open space about 50 yards east of the coffee plan- 

tation belonging to RamMasami Mupeuuiar. ‘These huts were admirably con- 

structed, much superior to their own dwellings, and quite water-tight ; the uprights 

were made of jungle trees tied together by strips of bark, the cots of bamboo, and 

_ the thatch of the glabrous leaves of a species of Saccharum. The coffee planta- 

tion was commenced twelve years ago ; the soil is rich, the trees are at least 14 

feet in height, left entirely to nature; a beautiful stream, however, is taken advan- 

tage of to irrigate the garden. The produce is much smaller than it might be 

under systematic management. There are some good teak trees standing in the 

middle of the plantation. 

In the neighbourhood of Punachi, three or four large cattle kraals were seen, 

each containing from 50 to 80 head of cattle. Behind our hut was a waterfall, 

which is distinctly seen from Anamalai. The Punachi river tumbles over a 

precipice, which seems to be the edge of a considerable tract of table land; this 

we regretted we had no opportunity to explore. Near to it are several dense sholas 

(thickets); and above the cascade, some bison pasture ground and ibex rocks. 

Teak occurred for the first time on some undulating knolls, two or three miles 

before reaching the village, and on the slopes of the basin leading to the river. 

The teak tree here is not of superior dimensions, but is widely diffused, forming 

nearly half of the forest at this place. Many of the trees would yield second-class 

logs, and they improved in size as we descended the gorge. Being in flower, the 

white cross-armed panicles formed a striking feature in the landscape. There is 

much fallen and decaying teak within three miles of the huts. I inspected the 

jungle both in going and returning, and walked across in different directions, to 

estimate approximatively the number and size of the trees; the value of standing 

wood is about Rs. 50,000, and of fallen timber at least Rs. 5000. I counted fifty 

trees on the ground, well worth removal if there was easy transport. We saw 

further up the valley much Vengé (Plerocarpus marsupium), and black wood 
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(Dalbergia latifolia), which became more abundant as the elevation increased 

These trees seem to prefer an altitude somewhat greater than teak; whilst the 

Vella naga (Conocarpus latifolius), of great'size, occurs with the teak or prefers 

a lower range. The sholas near Punachi, between 3000 and 4000 feet above 

the sea, are very dense and rich in their flora. The following are a few remark- 

able forms observed : a new species of Jenkinsia (Wallich) ;* Solenocarpus indicus, 

a tree called by the Kaders “ Palle-ille,” the leaves of which are eaten; Elao- 

carpus, Moneceros, a new species of Cookia, “ Mur kuringi,” with a delicious 

fruit; Glycosmis pentaphylla, Pierardia macrostachys, with an edible fruit; 

Cleidion javanicum (“Walle”); Mesua, with very large fruit; Calophyllum, a species 

with narrow lanceolate leaves; Orophea, two new species; Unona pannosa, 

Guatteria coffeoides, Cyathocalyx zeylanicus; Garcinia, Pterospermum. obtusi- 

folium, Sterculia guttata, Machilus, Casearia, a new species; Huonymus, two 

apparently new forms, one with downy leaves and the other much like a 

lime tree; Agrostemma, two species; Ophioxylon, a new species, with falcate 

bracts ; Pothomorphe subpeltata, Acranthera zeylanica, Nephelium erectum, a very 

gorgeous species of Pachycentria ; and two rare euphorbiaceous trees, Dimorpho- 
calyx glabellus and Desmostemon zeylanicum, lately described by Mr Tuwatrres. 

Many of the trees in the dark sholas are covered with beautiful epiphytes, 

especially the Hoya paucifiora, Aischynanthus zeylanicus, and Sarcanthus fili- 

formis ; the dripping rocks, with A/lugia, two species, Hpithema, &c.  Carda- 

moms, with rich aroma, and the true ginger plant, abound in these sholas. The 

rocks in the beds of all the rivers, from 3000 to 4500 feet, are covered with a 

showy, orange-coloured balsam (Jinpatiens verticillata). It often forms a fringe 

at the line of water-mark, or appears in patches between the forks of a cascade. 

At a higher elevation other species take its place, especially one figured in the 

‘Madras Journal of Science, 1859 ”—Jmpatiens Tangachi, Beddome. 

16th.—Started at 8 a.m., having left five elephants and our heavy baggage. 

After two miles we came to a river. There is a large body of water, 100 feet 

wide, 13 to 2 feet deep. Immediately below the ford is a village of low-caste 

people. Much time was lost in crossing on elephants, and afterwards in cutting 

a road through tangled brushwood, each man being furnished with a bill-hook 

or shikaree knife. In the bed of the river we observed Entada Pursetha and 

Adelia neriifolia. At 4 P.M. we agreed to bivouac, and erected temporary huts. 

Plate XX XIII. presents the view up the valley from our camp, and gives a good 

outline of the Tangachi and Akka mountains. About two miles after crossing the 

river, we made a detour to avoid a mass of rocks which descends to the water 
edge. We could ride as far as the waterfall at the foot of the Tangachi. In 

this place, as there are few bamboos and no Saccharum, we employed other hut- 

* We also found Agrostistachys indica (Dalzell), described in ‘‘ Kew Miscellany,” vol. ii. p. 41. 
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ting materials. Some gigantic Crotolaria and Indigofera stems were used for 

the walls, the stems being interwoven between the uprights, and the thatch was 

made of Andropogon Schenanthus, L. (ginger-grass). Fortunately no rain fell 

during the night. In the short march to-day the teak gradually became smaller 

and less frequent, and disappeared altogether two miles before reaching the 

Torakudu waterfall. . 

Opposite our bivouac was a remarkable rock, called Cundita-malai, apparently 

200 feet in height, on the precipitous scarp of which was a rattan cable 80 feet 

long, securely fixed above. This chain was formed of large rings of the Calamus 

stem, connected by another straight rattan, which passed down through the 

centre of the loops; by means of this the Kaders descend the face of the rock to 

collect honey, &c. (vide Plate XXXVI.) The river, during this day’s march, 

tumbles over huge boulders of broken rock, and takes a south-east direction. 

17th.—Started at a quarter to 8, and reached the huts near the Torakudu 

waterfalls at half-past 9, which are picturesque and very beautiful. About two 

miles below these falls Major Haminton discovered an ancient cairn or cromlech 

(vide Plate XX XV.), a quarter of a mile to the left of the path, similar to those 

found in other parts of Coimbatore, and consisting of four immense stones, the 

upright slabs about 53 feet high, and the covering stone 11 feet by 5 feet. On 

the south of the valley where the cromlech was found, is the ridge from the end 

of which Major Hamitron’s sketch was taken, showing the general course of 

the river, which is here north-west. The site of the huts was not well chosen, 

being in the bed of a stream below the falls, while there was no lack of good 

encamping ground around. There are here three waterfalls—a true fall of about 

50 feet; another of about 100 feet; and a rapid cascade of 120 feet, which 

could not easily be approached. 

Opposite the encampment is an Erular village of eight or ten houses, with a 

patch of Ragi (Lleusine Coracana, Girtn.) cultivation; and near this was 

another village of Mudowars. The day was fine; sometimes rather hot at night. 

Blankets were necessary, as it became cold towards morning. Very little dew 

fell, and at 6 a.m. there was none. 

18th, 9 a.m.—As the two remaining elephants could not proceed further, the 

beds were carried by coolies, and each of the party took his own provisions for 

the day. We now ascended a steep rugged hill, impassable for horses on 

account of the immense masses of detached rocks; one, in particular, resembling 

a hay-stack, about 40 feet high, from the summit of which a rattan chain similar 

to that, described was suspended. We proceeded through dense sholas for three 

miles, in the middle of which we crossed the river by a temporary bridge formed 

of a large tree, felled by the Kaders for the purpose. Rubus lasiocarpus 
(bramble) was first seen here. 

After walking six miles round the base of the Tangachi, we emerged from 
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the woods, in which were traces of wild elephants upon a steep, open grass hill; 

at this point the view across the valley of the Torakudu was very grand, 

extensive dense sholas skirting the rocky and precipitous hills, the summits 

being shrouded in mist. The Rhododendron arboreum first occurred here—the 

elevation, ascertained by Mr Fraser, about 5000 feet. We continued to ascend 

the steep side of the hill till we arrived at the huts, which were situated on 

a lower spur of the Akka, near the edge of a large shola. Thick mist and 

violent rain came on soon afterwards; a herd of twenty-five bison were seen 

grazing on the opposite hill, and there were fresh traces of others near the hut. 

19th, Sunday.—Nothing seen. Thermometer, minimum 54°, maximum 60°. 

Elevation calculated to be 5600 feet. Cold wind whistled freely through the 

grass huts, the stakes were loosened, and the temporary erection nearly came 

down. 

20th.—It rained all morning. The Kader guides were unwilling to proceed. 

However, we started at 10 a.m. in search of the great valley alluded to in 

Captain Micuar.’s Report,* and in an hour reached a beautiful ridge, shooting out 
from the base of Akka-malai; there was short sweet pasture, and numerous 

indications of bison. The weather continued unfavourable, and so misty, that, 

except during a few gleams of sunshine, we saw little of the country. 

From this ridge (“Bison Ridge’’) we skirted the base of the Akka-malai, 

keeping above the sholas, and ascended the western side of the high range, 

which is clothed with remarkably short grass, to the right of the Akka. The 

previous afternoon some of the party ascended the shoulder of the Akka, which 

is considerably higher. Unfortunately, owing to the dense mist, they were not 

rewarded by a good view of the surrounding country. Mr Beppome has favoured 

me with the following note of his ascent :— 

«The rocky Akka mountain, which is probably upwards of 8000 feet, is quite 

covered, near its summit, with several undescribed species of Zmpatiens. The 

only other new form I observed on this mountain was a curious Crassulaceous 

plant, with fleshy peltate leaves, growing in sheltered moist nooks of the rock. 

Balsams are very abundant on these hills. JLmpatiens Balsamina, dasysperma, 

albida, maculata, campanulata, chinensis, tomentosa, verticillata, oppositifolia, 

Kleinii, tenella, rivalis, acaulis, modesta, latifolia, lucida, rufescens, Goughii, cordata, 

and several undescribed species.” 

Having proceeded several miles along this range, the summit of which was 

hidden in mist, we turned to the south-east. The mist suddenly cleared, and we 

got a glimpse of numerous ibex on the rocks above, and saw a valley which ap- 

peared to be 5 miles long and 2 broad, with large sholas on the other side. The 

wind and rain increased as we proceeded. We came to the junction of the 

Captain J. Micuaet, 39th N.I., visited these ranges in 1851; his MS. Report was of great 
use to us, 
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streams, near which is a beautiful waterfall, about 350 feet high. The general 
character of the valley struck several as being like Pykara on the Nilghiris. 

The weather continuing very unfavourable, our attendants fatigued, and our 
provisions exhausted, it was necessary to retrace our steps. 

Some of the herbaceous plants adorning the higher hillside pastures are,— 

Flemingia procumbens, Phaseolus Pulniensis, Anemone Wightiana, Lysimachia 

Leschenaultit and deltoidea, Utricularia, Ranunculus reniformis, Gentiana pedi- 

cellata, with many others; but these examples are sufficient to show the simi- 

larity of the flora to that round Utakamand. Two curious and new species of 
Podostemacece cover the rocks in the beds of the rivers. 

21st.—We left early, and much regretted our inability to remain another day. 

In looking back, we could see the highest range, distant about twelve miles 

north-east; the outline of this is well represented in Major Hami.ton’s sketch, 

Plate XXXI. 

22d.—Major Hamitron and Messrs Kor and Fraser descended into the 

gorge to examine the entrance to the hills by the valley of the Torakudu river, 

when the Major took the sketch givenin Plate XXXVII. If a path can be con- 

structed in this direction, the ghat near Punachi would be avoided, and the 

distance shortened by several miles. The rest of the party explored the forest, 

and descended the ghat by which we ascended. The day of our departure was 

fine and bright, and we obtained a clear view of the higher ranges from the lower 

valley of the Torakudu. Plate XX XI. is a faithful representation. 

About a month after our visit (8th November), Lieutenant Beppome rode up 

in one day to the higher ranges, and had a fine view of the summit. He writes, 

“ The part that we traversed forms only a small portion of the valley, and is shut 

out from the rest by a sloping ridge covered with dense shola (which rises out on 

the opposite bank of the river). The greater part of the valley lies beyond this 

ridge. Another meandering river runs through the larger portion of the valley, 

and towards the further extremity there is a large swamp, which could be con- 

verted into a fine lake. The valley extends two or three miles beyond the suc- 

cession of waterfalls which we visited; it is widest just beyond these falls, 

where it must be four miles across, and the whole of the centre is comprised of 

undulating hillocks, very fine sites for building. From the Akka mountain, 

which I ascended, there run two high ridges, almost of the same height as the 

mountain itself; between these is a narrow valley, through which a river runs, 

eventually reaching Michael’s Valley by the series of falls we visited. The 

mountains on the opposite side of the valley seem very high, and, from the top 

of the Akka, there appeared to be a good extent of table-land there. My time 

was very limited, or I should have explored the higher unknown portions of 

these mountains. I ascended the Tangachi peak, which is very different in 

character from the Akka. The ascent lies through dense sholas till within half-a- 
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mile of the summit; thence the mountain is covered with almost impenetrable 

brushwood 6 to 10 feet in height, consisting chiefly of Rhodomyrtus, Dodonea, 

Rubus, Litsea, and Atylosia. The mountain has a great many rocky caverns 

and crags towards the summit.” 

Again, under date 25th February 1859, Lieutenant Beppome writes, “that he 

and Mr Bryce went to that high land beyond Michael’s Valley where there is a 

good extent of undulating table-land. The highest peak of the Anamalais, 

below which there appears to be table-land, is at least twenty-five miles beyond 

the valley, and seems to be very difficult of access. We had white frost in the 
valley.” 

I now append Dr Macruerson’s views on the eligibility of this range for a 

sanatarium, and for future colonization:—‘“ The general appearance and cha- 

racter of these high lands resemble the Nilghiris. Here are the same rounded 

eminences and dense sholas, extending continuously for miles, their edges fringed 

with Strobilanthes, and ceasing abruptly; the hills are conical, and the slopes 

are covered with short rich grass, abounding with medicinal plants, as Hxacum 

bicolor and Ophelia elegans (Gentians); the woods contain Hymenodyction ex- 

celsum, and other species of the Cinchona family. Heavy rains, evidently the 

breaking up of the south-west monsoon, fell continuously during the period 

of our stay in these upper regions. The want of shelter, and the difficulty 

of procuring supplies, prevented us from proceeding to the highest parts 

of the range, which appeared to be about twelve miles in a south-east direction 

from the extreme point the party reached. We therefore reluctantly returned 

to the low country without fully attaining our object, having been absent eight 

days. Three distinct tribes inhabit the Anamalai Hills; they are denominated 
Kaders, Paliars, and Malsars. The Kaders perform no menial labour; as 

their name implies, they are the lords of the hills; they carry a gun, and 

loads also as a favour, and are expert at stalking game, but are deeply offended 

if called coolies. They are a truthful, trustworthy, and obliging tribe, and exer- 

cise some influence over the Paliars and Malsars. Small in stature, their 

features resemble the African; they have curly hair, tied in a knot behind, and 

file the four front teeth of the upper jaw to a point as a marriage ceremony. The 

Paliars are chiefly herdsmen and merchants, while the Malsars are cultivators of 

the soil. None of these tribes reside at a higher elevation than 4000 to 5000 

feet above the sea. All deal in the rich produce of these hills, and barter with 

the people in the plains their cardamoms, turmeric, ginger, honey, wax, resins, 

millets, soap-nuts, gall-nuts, &c., for rice, tobacco, &c. They are very expert in 

climbing trees and the precipitous face of rocks in search of honey. To accom- 

plish the former, where there are no boughs, they drive short bamboo spikes into 

the tree, and thus form a ladder by means of which they ascend the highest forest 

trees; and they reach the latter by means of chains formed by rings made with 
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rattan, which, being secured to a point above, drops down the face of the rock. 

We observed some of these chains full 50 and 80 feet in length. The upper 

ranges are in undisturbed possession of wild beasts. We saw a large herd of 

bison, with deer and ibex in numbers, and also traces of wild elephants. 

“‘ The best period to prosecute inquiry into the upper ranges of the Anamalai 
Mountains would be after October, or in the hot season. From their position, they 
are considerably under the influence of the south-west monsoon, but less so than 
the Kundahs at Sisipara; and I think it is worthy of inquiry to ascertain 

whether here also may not be found a climate as bracing and welcome to the 
enervated constitution of the European invalid as exists on our better-known 

hill stations. The soil on the summit of these fine mountains is deep, and 
covered with rich pasture. Streams of water are numerous, and appear as if 
they flowed throughout the year. From the extent of forest, the resemblance of 
the flora to that of Ceylon, and the corresponding altitude of these hills, I 
believe they are suitable for the cultivation of coffee on a large scale, and for 
colonization of small communities of Englishmen, a measure which would be 

attended with the happiest results, as it adds at once to our military strength, 

and in course of time would give us the means, to a certain extent, of recruiting 

our army.” 

It will thus be seen that the result of our excursion was not without interest. 

Some curious botanical novelties were found; the timber resources of the district 

were ascertained; and a large tract of country suitable for coffee culture was 

traversed, which will doubtless be the scene of future colonization. 

Description of Plates. 

Pirate XXXII. 

High Range from the Lower Valley of the Torakudu. 

View of the whole range from the lower valley of the Torakudu. The Tangachi and the Akka being 
nearer than the level range on the right, they look higher than they really are, 

Pruate XXXII, 

Panorama of the Anamalat Mountains from the Village of Anamatai. 

We ascended the valley seen to the left, which is the lower valley of the Torakudu River. The Tan- 
gachi, or younger sister, is that curious peak seen to the right of the valley. The Akka, 
or elder sister, the highest peak, does not stand out clear, because a spur beyond it is visible from 
Anamalai. We proceeded round the other side of the Tangachi, and our highest encampment 
was between the further spur and the ridge joining the Tangachi and Akka. MuicHart?s 
Valley is two miles beyond, and to the right of the further ridge. The Anamalai Teak Forest 
is beyond the low saddle to the right of the Kader women. The mountains on the extreme 
right overlook Palghat. The small detached hill is the Anamalai Droog. 
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PuatE XX XIII, 

The Tangachi and Akka, from the Upper Valley of the Torakudu. 

A mile or two further up the valley where our bivouac was for the night, we had a superb view of these 
two mountains, rising 800 to 1000 feet above the surrounding forests. 

PLatE XXXIV. 

Foot of the Punachi Pass. 

We entered the mountains to the right of the gorge, where the Torakudu descends into the plain. 
We crossed the river, and turned to the left beyond the large rock, and passed over the moun- 
tain beyond the peaked cliff. 

PLATE XXXV. 

Ancient Cromlech. 

The upper slab was 11 feet by 5, and the lower slabs were about 53 feet high. We intended to have 
visited it on our return, but missed the place. Similar tombs are found near Coimbatore. 

Prats XXXVI. 

Kader Rattan Chain. 

On the opposite side of the valley was a-rocky precipice over which hung a chain 70 or 80 feet long, 
formed of large loops of rattan connected to another rattan, which passed down through the 
centre of the loops. The Kaders told us it is used for collecting honey from the fissures of the 
rocks ; as the chain did not reach within six feet of the overhanging ledge, part of it must have 
been broken. 

Prate XXXVII. 

Gorge of the Torakudu River. 

On our return to Punachi, Major Hamitton tried to find an easier way through the gorge of the 
Torakudu river. He did not succeed; and from the view he obtained, the gorge appeared to be 
very narrow and precipitous. 

VOL. XXII. PART III. 7M 



‘aly UOT AS RTO WA eae bain eeRWeE sil ior tt 

iyi fey pee tre ogi “big ha a ae 
ot ime lit Zee up pnd yi ie Whatuni. 

re sig nw vi wt | 
js vn 

wits ty Welty Vad. rib han 44 oP ie T hi site bund Tie & zs 
wit a ie Seeiannabaele shat eet a ‘a 

ry eee Dae Ceci + TN fe dah a fies 

dreams Rivday F203 Ca MARR beaten Agta 

ai ‘de abi da es 
lita ieieeds,: sae ont WORN Bee aretha ‘one amnraat pe <b ‘ifn alae opps den nade of wets ae 
Ne me Siva eal che eae of eas A lteter it, f 

-) ae 
aa / ¢ iv? 4) ee ni ie. ey rh ner re: 

oa Dae . x Bi. WAR an “Ey tq ie tee 

Vo oo ae g 4 Hebe fea e 

ofa of bahuretge 4 )/ ‘ideas 
aD ou yen Bo Co 

np ee Peapra tt 

-*W, nose 

Re jest US. 290) tints it meh, anidait 3a isi ha 2 adty 
mde tahey) wih 4 ey hid ‘aon si oF Pelocdio gil 
of) TW eminueh ods moked} aaetale fred: esis ie atl nal ad TD 
Writ tema 1. lo. dwg eohal melon wen old Rpecelrienidtie, love tho 

Se er hee nie aot van 4 anata 
naw 4 xx cee 

VS aaa Ong Wy age) 

ait to sun my any i weit re wis on helo bart worn “a ro ili 
of Of Date eTe QIew shy anueey pel ee wtp mots ba S Debvee tou bili oH 

aaa ony bite i 

se An 
lie 

‘ ; Pept y he “a Me Fi : 

ae tay 1 Le y ) 

if 
0 ie poh ae ey 

j ; el a : Ay : 4 - ; rua . 

y ere hut a in . 
t re ay ita. 

a yon re ee ee yn + ¥ 

p fas eReM SIA pone Nee 
a4 we , ia stein wy RA i 

fh MERE ak 



Trans Roy. Soc. Bain? Vol xx. Plate 200d. 
Anamaln Mountains, S india 

HIGH RANGE FROM THE LOWER VALLEY OF THE TORAKUDU 

Plate XXXIL 

cae a Lit ts 
EADER MEN AND wOME® D.Harniltive det 

PANORAMA OF ANAMALAI MOUNTAINS FROM THE VALLEY OF ANAMALAI - 



* 122) a o 
a a 

‘ae Ae ian, «* sa alti Senge 
+ A Ay he ae 1, aE Eke: ) ‘enn 

. H * I M§ 

* = e 

| ms . 
: ‘ » 

we ft 

. 

p a 

. : 
» 4% 

Bain 
* i a4 new, . ’ s he 

5 > fs 43 

‘4 - . y < 

. rs * . 

* - os F KE a & 
’ R . VN adhagy 

‘ “: : ve Wet 

€ * *, 
*. . 

7 ° wer 

agree ist 
. nth i ‘ 

. 

@ 

- 

@ at ,'S 

‘ €. rf 
3 ‘ 

* 

: ’ 

lag 

— zg 

Bes are . " 
. 

r 3 t 

4 v) * 
* ma 

/ 

* 

a 

Be ke ee 
- rad . y bas % : 

® . i. 

ae “Ty i eg 
erie 

‘ 
he a . “ ‘ b's oy fey 

: a ; ; 
Vale Li aa 

; ALSIEG $ =" poe? ts er eee 

* ’ anise Pa 

& a ee * PVp Ry tenets 0 
wR! a ee ee 



dh. 
Anamjilsi Mownsains, 5 Thdie s f 2 * e - ‘ i Trans, Roys Soc. Edin" Vol xx Plate Sax , 

- - : 

THE SISTER MOUNTAINS, TANGACHI AND AKKA FROM THE UPPER VALLEY OF THE TORAKUDU. 

Plate Yody 
Plate XExV 

bd 

WH M'Farlane, Lith! Bain 
D.Hemilton delt 

‘ANCIENT CROMLECH 





Trans. Roy, Soc. Edin’ Vol. Xx. Plate XXXVI 
= et ee *| 

\namalai Mountains, S. India. 

y toes 

D. Hamilton delt 

RATTAN CHAIN FOR COLLECTING 



et ee 

, 



Anamalai Mountains, S.India Trans. Roy. Soc. Edin’ Vol. xxm. Plate xxxvil. 

See 
i fhe Eadinit D. Hamilton delt WE NG Farlane, L. 

GORGE OFS THE TOR AKU DU RAV ERE - 





( 589 ) 

XXVI.—Memoir of General Sir Thomas Makdougall Brisbane, G.C.B., &e., 

President of the Royal Society of Edinburgh. By ALEXANDER Bryson, Esq., 

P.R.S.S.A. 

(Read 4th Jannary 1861.) 

Sir Toomas BrisBANE was born at Brisbane House, Largs, on the 23d July 

1773. He was descended from the Brisbanes of Bishopton, one of whom, according 

to Hailes, “held the office of Chancellor of the kingdom of Scotland in 1332.” 

They possessed a large tract of country, extending from Erskine Ferry to Largs; 

and had this estate been still in their possession (consisting, as it did then, of 

Bishopton, Greenock, Ardgowan, Skelmorlie, Largs, and Brisbane), its revenues 

would have been princely ; but Sir Tuomas only inherited the smaller portion of 

the possessions of his ancestors, Largs and Brisbane. 

The father of Sir THomas served under the Duke of Cumberland at Culloden 

in the rank of a Captain, as Aide-de-camp to the Earl of Home, along with the 

Duke of Argyll. He died in 1812 at the age of 92, distinguished not less by his — 

bravery than by his scholarship. It is worthy of remark, that the father of our 

late president and the grandfather of the distinguished nobleman who now 

occupies the chair were at the same battle, and of equal military rank in 1746. 

Sir Toomas’s mother was a daughter of Sir Wint1am Bruce, Baronet, of Sten- 

house, and was thus a descendant in a direct line from RosBert the Bruce. 

In youth, Sir Tuomas was educated under tutors at home, and then at the 

University of Edinburgh, from whence he went to an academy at Kensington, 

where, in mathematics and astronomy, he maintained a high position. Sir THomas 

entered the army as an ensign in the 38th infantry in 1789, although his 

commission is dated in 1782 (a practice common at that time), he being then 

only in his ninth year. He was thus at his death the oldest officer in the British 

army, having held his commission for seventy-eight years, and been in actual 

service for seventy-one. In 1790, he joined the 38th Regiment in Ireland, where 

he formed an intimate acquaintance with the future Duke of Wellington, then a 

lieutenant in a regiment of cavalry. Both of the young heroes were at this 

period distinguished only by their love of field sports. 

When the war broke out in 1793, Sir THomas raised an independent company 

in Glasgow, and joined the 53d Regiment, then quartered in Edinburgh. The 

53d formed part of the army of the Duke of York, and served in Holland under 
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that prince. Captain BrisBaNng, then in his 20th year, took part in all the affairs 

of the Flanders campaign, from St Amand to Nimeguen. In his reminiscences, 

he has left a spirited account of the affair at St Amand which is worthy of quota- 

tion, more especially as it was so often the theme of his after-dinner talk. It was 

his first battle, and he remembered it best. He says, ‘The first action of the 

war took place in the wood of St Amand, from which it became necessary to 

dislodge the enemy, who were there in large force, their object being to invest 

Valenciennes, and lay siege toit. The Prince of Cobourg commanded the Austrian 

army, which consisted of about 80,000 men, finely equipped and appointed, 

and in a high'state of discipline. On the 23d May the enemy, who were strongly 

entrenched for the purpose of covering Valenciennes, were attacked by the 

whole of the allied army at day-break, and after a severe action, were com- 

pletely routed. Several of the enemy’s regiments of cavalry made a full charge, 

but another part of them gave way before the allied army, and the enemy 

shortly afterwards fled. This engagement presented perhaps one of the grandest 

spectacles that ever was exhibited in war. The fog, at 3 o’clock in the morning, 

was so dense, before the action began, that it was impossible to see from the 

right to the left of the regiment. All at once the fog cleared away like the rising 

of the curtain of a theatre, and the armies were close in the presence of each 

other, when the action instantly began. The conflict did not terminate till 9 

o’clock at night; and although we gained possession of the enemy’s works, the 

firing did not cease till the darkness of night descended.” . 

Sir THomas was wont to remark, that his first and his last military appear- 

ance was on the same field. At Valenciennes, in 1793, he fleshed his maiden 

sword, and there he sheathed it with the army of occupation in 1816. At the 

engagement at Lille he lost in killed and wounded, twenty-two men out of the 

thirty-three whom he had brought into action, he himself being also wounded. 

Of this disastrous campaign, Sir Tuomas remarks, “ This was the severest 

winter I have ever seen in Europe. ‘The troops were literally frozen to the 

ground every morning, and in one of those severe nights 800 men were frozen to 

death, and both the Rhine and the Waal were so completely ice-bound, that the 

24-pounders, each of which could not be less than three tons in weight, passed 

with the greatest facility. The former was covered with a layer of ice six feet 

deep. The British army was ordered to march from Holland into Hanover, where 

we embarked in the spring of 1795, on the Weser river, for England, at which we 

landed and marched to Norwich.” 

From Norwich, Sir THomas went with the army to Southampton, in the 

autumn of 1795, where a large army was forming under Sir RautpH ABER- 

cROMBY, to attack the West India Islands. They sailed in the month of October, 

but were driven back by severe gales, and did not leave port until November. 

During this voyage an incident occurred which confirmed Sir THomas’s love 
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of astronomy. The transport in which he and his regiment were embarked, was 

the ‘ William and Mary,’ a Newcastle collier, which had separated from the fleet. 

Sir Tuomas says, “ After our vessel had sailed alone for some weeks, the mate 

came to my cabin one morning at 4 o’clock and awoke me, to say that they had 

made the land; but he was afraid it was the main continent. I immediately got 

upon deck and found the ship among the breakers; and the captain on seeing 

the danger, said,—‘ Lord have mercy on us, for we are all gone.’ I said that is 

all very well, but let us do everything we can to save the ship. He ordered the 

helm to be put hard down; but so completely were the seamen paralysed by their 

awful situation, that not one of them would touch a rope. With the assistance 

of the officers, I, with my own hands, eased off the main-boom to allow the ship 

to pay off, and the sail to draw upon the other tack. Most providentially the wind 

came from the coast, and filled the sails, and though we were from four till ten 

in the morning in this critical juncture, yet we found ourselves at length off the 

bank. 

“ Reflecting that I might often, in the course of my life and services, be exposed 
to similar errors, | was determined to make myself acquainted with navigation 

and nautical astronomy ; and for that purpose, I got the best books and instru- 
ments, and in time became so well acquainted with these sciences, that when I 
was returning home I was enabled to work the ship’s way; and having since 
crossed the tropics eleven times, and circumnavigated the globe, I have found the 
greatest possible advantage from my knowledge of lunar observations and calcu- _ 
lations of the longitude. In proof of which, in sailing from Port Jackson to Cape 

Horn in 1825, a distance of about 8000 miles, I predicted our making the land to 
within a few minutes. We steered our course to Cape Frio on the Brazil coast, 
and when I expected it to be near, on account of my observation and reckoning, 
I got upon deck at 4 o’clock in the morning, to tell the captain to shorten sail, as 
we had not a run till day-light, upon which he replied, that by his reckoning he 
was not within 500 miles of it; but when daybreak appeared we were within 
one league of it, and anchored that evening in Rio de Janeiro. In the course of 

our passage, we touched at Madeira, and took in supplies. For in one of the 

severe gales, our ship was struck by a sea which laid her on her beam-ends, carried 

away all her boats and bulwarks, and the whole of our stock, so that we were 
literally compelled to live on the salt provisions for six weeks.” Of this occurrence 

Colonel Mansel, who was under Sir THomas’s command thus writes,—“ On the 
12th or 13th of December at midnight, a heavy sea struck us which laid the bark 
on her beam-ends, carried away our long boat, which was strongly lashed to the 

deck, and all our live stock we had laid in for our passage to the West Indies, 

where we arrived on the 29th of February, having lived all that time on salt beef 

and pork, with lobscouse for an occasional change. We could not light a fire in 

our small bark for a whole fortnight, and we lived mostly upon raw ham and 
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biscuit, washed down by a moderate quantity of good old port; and upon these 

occasions, I well remember Major BrisBANeE’s ejaculation,— 

“‘ [ sheath my sword for lack of argument,” 

setting aside the knife he had been using, such being the happy temperament of 

his mind.” 

At the taking of St Lucia, Sir Taomas was ordered to attack a fort deemed 

almost impregnable. On his march up he was met by a brother officer, who 

remarked, “ It cannot be taken,” when he gallantly replied, ‘‘ It can,—I have the 

order in my pocket ;” and he and his men took it. His health having suffered 

from the climate of the West Indies, his friends purchased for him the lieutenant- 

colonelcy of the 69th regiment, which had recently come from the West Indies, 

and was not likely soon to return. In his reminiscences he says, “I instantly 

embarked for England, and landed at Portsmouth in 1799, when I waited upon 

General Whitelock to know where the 69th regiment was stationed. He in- 

formed me that it had sailed three weeks before for Jamaica. Finding, from a 

four years’ residence and hard service in the West Indies, that my health had 

suffered, I was recommended to go to Cheltenham, and in the following year, 

being 1800, I joined the 69th at Jamaica, and took the command of it, and con- 

tinued with it until the regiment was ordered home. As soon as | arrived, I 

called the officers together, and addressed them. I told them that they were 

well acquainted with the cause that had brought them to this colony, and that I 

expected the support of every officer in the corps. I warned them that, if this 

was not promptly and fully afforded, I should report them to the commander-in- 

chief, to have them removed out of the regiment or out of the service. For- 

tunately I had no occasion for such a proceeding. On taking the command of 

the regiment, which was lying at Kingston, I found the men in a very demo- 

ralized and unhealthy state from two causes: first, the want of proper dis- 

cipline and arrangements for their comfort; and second, the soldiers being 

allowed to lay out nearly all their money on intoxicating drinks in place of 

vegetables and other things needful for their health and comfort. By a little 

attention to discipline and the messes of the men, I very soon effected a wonder- 

ful change in the health and character of the troops; so much so, that two 

military hospitals, which had previously been filled with sick, were both shut 

up, and when we embarked for England only one man was unable to be 

removed.” ‘ 

For this signal service Sir George Nugent, governor of Jamaica, thanked Sir 

THoMAS in these terms :— 

Pen, 27th June 1802. 

Dear Str,—When I made a very favourable report to His Royal Highness, 

the Duke of York, of the state of the 69th regiment since you took command of 
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it, I merely did you justice; for I must beg leave to repeat, that I never saw so 

rapid an improvement on any corps during so short a period. I really consider the 

69th regiment in every respect as good a corps as any in the service; and I did 

not think it possible they could become so from the very bad state they were in, 

while under the command of the late lieutenant-colonel and senior captain.” 

A brother officer who served under Sir THomas in the West Indies, and who 

survives him, relates the following incident, which occurred during their passage 

home :—“ Unfortunately,” says he, “we embarked on board an unsound ship, 

and on our passage from St Vincent to St Kitts she foundered; but before she 

went down, a boat from the convoy ship arrived to save the lives on board; and 

as Colonel BrisBANE was in the act of stepping in from the sinking ship, with his 

nautical instruments in his hands, the leutenant in charge stopped him, and said . 

his captain had given him peremptory orders to take no baggage of any sort 

whatever ; he therefore could not allow these things to be put into the boat. 

Colonel BrisBANE immediately retraced his steps, desiring the lieutenant to give 

his respects to the captain, and to tell him that ‘before I part with these things 

I hold in my hands, I will go down with the ship.’ Honest Jack immediately 

replied, ‘ Step in, sir.’” 

On arriving in England with the 69th regiment, he was stationed at Col- 

chester; and so excellent had been the discipline of the regiment, that the 

mayor stated that the 69th was the only one which had left that place for a long - 

period without even a single soldier having been brought before a magistrate for 

any irregularity. 

In 1804, when the 69th regiment was ordered to India, Sir THomas retired on 

half-pay, as another campaign in a hot climate was deemed dangerous. During 

this period he occupied himself in erecting an observatory on his patrimonial 

estate at Brisbane, and furnishing it with instruments. This observatory is 

situated in Latitude 55° 49’ 6’ north, and in Longitude 4° 52’ west. It contained 

a transit instrument of 44 feet focal length, and an altitude and azimuth 

instrument by the celebrated Troughton; also a mural circle and equatorial 

instrument, a sidereal and two assistant clocks. With the exception of the 

observatory on Garnet Hill at Glasgow, it was, at the period of its erection, the 

only one in Scotland, and was much more complete in its equipment. A plate 

above the entrance bears the inscription, “‘ Ad Scientiam Astronomicam colendam 

extruxit T. Brissane, Anno Domini 1808.” 

In 1810 he was appointed assistant adjutant-general to the staff at Canter- 

bury, which he held until he obtained the command of a brigade under the Duke 

of Wellington, whom he joined at Coimbra in 1812. Sir THomas was received 

with the utmost kindness by the Duke, who said he had two brigades vacant for 

him,—one in the third and the other in the 7th division; the former commanded 

by his old friend Sir Thomas Picton, under whom he had served in the West 
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Indies, and the other under the Earl of Dalhousie. He selected the third 

division, which he joined at Leo Mill, where he remained until they passed the 

Douro, to attack the enemy at Vittoria, where they were collected in great force. 

Of this battle, Sir Tomas says, “ When we got on the height overlooking the 

town and plain, I examined closely for the French army, but could see no force, 

and therefore was under the impression that there was to be no action. In this, 

however, I was very soon undeceived, by a heavy fire commencing from Lord 

Hill’s division, in the wood on our right, on the morning of the 21st June 1813; 

and, after a considerable period of hard fighting, we saw the enemy give way. I 

was then ordered to pass the bridge of Cadova with my brigade; and so com- 

pletely did we take the enemy by surprise, that I passed a large body of French 

cavalry with the tails of their horses turned towards my brigade. 

«We pursued, and seized a strong position from which we drove the enemy, 

and opened our fire, and continued in pursuit of them through the village of 

Pontaslin, where the enemy were strongly posted, with formidable artillery. The 

remainder of the division joined us in the attack, and we soon drove back the 

enemy, taking from them twenty-eight pieces of artillery, and pressing them 

under the walls of Vittoria, where they were attacked by the whole army and 

completely routed. 

«So signal was the defeat, that King Joseph’s carriages, plate, and wines, 

and everything belonging to him, fell into our hands; and that same evening I 

ate off His Majesty’s plate and partook of his wine. Had I allowed my men to 

follow, and pick up the boxes of money which could have been gathered, they 

might have enriched themselves to a great extent. As it was, 1 waylaid the 

stragglers, and made them disgorge their plunder; and next morning I had three 

such piles of dollars as enabled me to divide five dollars to every soldier be- 

longing to the brigade. This day’s action cost the division severely, as we lost 90 

officers and 1800 men. My Aide-de-camp, Captain Hay, was severely wounded in 

the knee by a grape-shot. The enemy were so completely routed that they fied 

to Bayonne, with the loss of their artillery, camp equipage, and equipments, and 

without even a single gun.” 

It was on the evening of this eventful day that Sir Tuomas, standing on a 

commanding eminence, and while sheathing his sword, remarked to a companion, 

“ Ah, what a glorious place for an observatory !” 

Sir THomas highly distinguished himself at the battle of the Nive, where the 

two brigades under his command had 700 killed and wounded. For his conduct 

in this action he received the thanks of Parliament. He was also present at the 

battles of Orthes and Toulouse. In speaking of the latter, he relates the following 

curious anecdote :—‘ A very singular occurrence happened to myself in this engage- 

ment. While standing on the banks of the canal, exposed to a heavy fire from 

the enemy’s artillery and musketry, a cannon shot took off my cocked hat, spun 
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me round with irresistible force, and knocked me flat on the ground. I was 

so confused with the violence of the concussion, that I deemed it prudent to 

send for the officer next in command to be near me, and to take the command 

of the brigade in case of necessity. While in this state of confusion, I was 

shot through the left arm by a musket ball, when the blood flowing profusely 

from the wound immediately relieved my head, and restored me to my senses. 

This is perhaps a rare instance where a musket ball has proved beneficial to 

an individual, and even rendered him medical assistance when absolutely 
requisite.” 

At the abdication of Napoleon, and when Wellington broke up his army on 

the Garonne, after the battle of Toulouse, Sir THomMAs was ordered to take the 

command of a brigade and embark for North America. The embarkation took 

place at Bordeaux, on board line-of-battle ships, and he arrived at Quebec and 

proceeded to Montreal, where he did good service in covering the retreat of Sir 

George Prevost in the affair of Plattsburgh. This he accomplished, without loss 

of life, by the destruction of the bridge across the Dead Creek. On his assuming 

the command of the advance, Sir THomas found every possible atrocity com- 

mitted on both sides. The sentries were attacked and isolated individuals 

murdered. This mode of warfare, so opposite to what had characterized the 

Duke of Wellineton’s army, was speedily ended by Sir THomas intimating to the 

American commander, General M‘Comb, that the same system should be followed 

as in European wars. General M‘Comb returned a polite reply, and the toma- 

hawk and scalping knife were henceforth laid aside. 

The late Colonel Campbell, who accompanied Sir THomas from Bordeaux to 

Quebec, has left a memorandum of the voyage, so characteristic of the General, 

that it deserves quotation :—“ Being curious,” says the Colonel, ‘“‘in matters 

connected with the navigation of the ship, I occasionally begged to be shown 

the spot where we were supposed to be, by the officers required to keep 

reckonings, when I found that the difference of sixty or many more miles in 

longitude amongst them seemed to be looked upon as trifles; and the bounds 

or retrograde movements which some of them caused His Majesty’s ship to 

take over the ocean were quite amazing. I had, however, the pleasure of 

accompanying Sir Taomas on this voyage, and he was not a little amazed when 

I told him how gaily, as well as apparently heedlessly, they were all dashing 

across the Atlantic. 

“To a man they looked upon Sir THomas BrisBane’s attempts to keep a 

reckoning as truly absurd, and only laughed when they saw him taking lunars 

by means of an excellent repeating circle and other instruments, which it was 

very odd that a soldier-oficer should possess or know how to use; but from 

him I always knew within a mile or two our true place upon the globe. On 

approaching the banks of Newfoundland, as we were comforting ourselves as 
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well as we could, after the dinner had been removed, upon a fashionable and 

limited allowance of Bourdeaux wine, before coffee was as usual announced, a 

master’s mate walked into the cabin, followed by a seaman carrying the deep- 

sea lead. ‘Soundings, Sir, at fathoms,’ the seaman holding up at the 

same time the greased end in order to show some sand or gravel adhering to it. 

‘Have the goodness, sir, to desire Mr —— to heave the ship to, and sound again 

at 8 o'clock.’ ‘What think you of this, General?’ said the captain, address- 

ing Sir Tuomas; ‘I believe you told us that we would not have soundings before 

to-morrow at the soonest.’ ‘I only lament,’ replied Sir Toomas, ‘ that a country 

like Great Britain should not furnish her ships-of-war with better charts; for, 

according to that—pointing to a large Admiralty one—we ought only, if the ship 

maintains her present rate of sailing and course, to be in soundings on the edge 

of the bank at 8 o’clock to-morrow morning, but Iam aware that some of your 

officers have the ship already high and dry in Newfoundland.’ The captain 

who, like the rest, only laughed at the idea of a soldier-officer making obser- 

vations, finding that his intended good joke had not taken, upon some pre- 

tence or other left the cabin for a few minutes, but having returned to it, he 

resumed his seat as if nothing had occurred: in walked once more the master’s 

mate. ‘I beg pardon, Sir, but I find there has been a mistake; for in some way 

or other the arming of the lead has been allowed to touch the deck, and a little 

sand having stuck to it, we were led to conclude that we had struck soundings ; 

the ship was, however, hove to at 8 P.m., midnight, and 4 a.m., but still no 

soundings. Eight a.m. approached, and we were all on deck.’ ‘Well, Sir 

THOMAS, what say you now, how many fathoms?’ Sir THomas, who, in spite of 

the prevailing fogs, had, in the course of the night, been able to get a squint, as 
he usually called it, at some of the heavenly bodies, whilst I noted the time for 

him by his chronometer, without the least hesitation he mentioned even the 

number of fathoms, which, to their surprise, were struck accordingly. It may 

be supposed that no remarks were made, nor any more jokes attempted, but 

the ship remained hove to, and many a fine cod fish soon thumped the decks 

with their broad tails, as if to prove that there was no mistake on the part of 

the soldier-offcer. 

‘A ship-of-war was sometime after made out to the westward. She as usual 

showed her number; it was the sloop-of-war cruising off the coast of New- 

foundland; her captain not long after came on board ; he had only left the land 

the night before, and being asked whereabouts we were, he replied that we were 

then off French Mistaken Point; but Sir Tuomas Brispane, without hesitation, 

affirmed that we were off English Mistaken Point; and, at the same time ob- 

served, that if the captain would only stand on a little further, and, as the fog 

usually disperses as the land is approached, the point could be easily ascertained. 

This was accordingly done, and Sir THomas, after crossing the Atlantic, was 
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found to be more correct than the captain of the sloop-of-war, who had only 

stood out from the land the previous night; indeed, he could not have been a 

mnile out of his reckoning.” 

On Napoleon’s escape from Elba in 1815, the brigade which Sir THomas com- 

manded was recalled, and he arrived off the coast of France with twelve regi- 

ments of the line just as Waterloo was won. On landing at Portsmouth, he 

received orders to put himself and his army under the command of the Duke of 

Wellington, and he joined his Grace at Paris. When he arrived, Wellington 

directed him to draw up his brigade in two lines of 5000 men each; and his 

Grace on looking down the lines, exclaimed, “‘ Had I had these men at Waterloo, 

I should not have wanted the assistance of Prussians.”’ 

In 1816, Sir THomas was elected corresponding member. of the Institute of 

France, in a manner worthy of the Institute and himself. It was reported to him 

that a detachment of the Allies were threatening the observatory and the buildings 

of the Institute; he at once ordered them to desist and sent them to quarters. 

At the next meeting of the Institute, Atexis Bouvarp, the celebrated astro- 

nomer, proposed that Sir Taomas’s name should be added to their roll; and although 

five others were candidates for this distinguished honour, their names were with- 

_ drawn, and he was unanimously elected. 

In the following year, His Majesty conferred on him, through the Duke of 

Wellington, the title of Knight of the Cross of Hanover. 

While in France with the Army of Occupation, though at leisure he was not 

idle, for he busied himself in calculating tables for the reduction of English 

weights and measures to those of France, and vice versa. He also computed tables 

for determining the apparent time from altitudes of the sun and stars. So im- 

portant were these tables in the estimation of the Duke of Wellington, that he 

had them printed at the head-quarters of the army. This work is perhaps unique 

in being printed at and published by the press of an army. It is marked as 

having been printed by Sergeant Bucnan of the 3d Foot Guards, at the head- 

quarters of the army in France in 1818. This work is also interesting, as con- 
taining a series of tables calculated by our late President, for the purpose of 

simplifying the determination of the time with accuracy, from observations of 

altitudes of the sun taken on the same side of the meridian. Although Sir 
Tuomas joined this Society in 1811, this was the first paper he contributed to 

our records, and it was an important one. It was read on the 2d February 

1818, and was published in the 8th volume of the Transactions. 

For the determination of the time by the sextant, it was usual to make a 

double set of observations of equal altitudes, before and after meridian. This 

method was liable to the objection—in our climate a serious one—that it was 

rarely possible to obtain observations free from clouds at equal intervals, before and 

after noon; and also, that the coefficient for refraction, caused by differences of 
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temperature was increased ; and as this correction was frequently overlooked, the 

results were generally inaccurate. To obviate these, Sir Tuomas proposed to 

observe simple altitudes of the sun’s lower limb at eleven successive intervals, 

commencing two hours before noon, and near the prime vertical. For this 

purpose, he employed a 10-inch sextant by Troucuton, divided on platina to 

10”, with a mercury artificial horizon, or a surface of oil, protected from currents 

of air by a Troughton’s angular roof. Having set his sextant to an even 10’ or 

20’ greater than the sun’s altitude, he waited the contact, and noted the time by 

the chronometer. If it was necessary to take the time after the meridian, he 

set his sextant 10’ or 20’ less than the sun’s altitude; and having noted the 

barometer and thermometer to obtain the correction for mean refraction, he 

found by these means his time as accurately as if deduced from observations of 

equal altitudes. For the convenience of observers using this method, he compiled 

the tables published at the head-quarters of the Army of Occupation in France, to 

which I have alluded. 

He continued with the army in France until 1818, when he was appointed to 

the command of the southern district of Ireland. 

In 1819 Sir Taomas married Anna Maria, heiress of Sir Henry Hay Makdougall, 

who survives him. The fruit of this marriage was two sons and two daughters, 

all of whom predeceased their honoured father. 

In 1821 Sir Tuomas was, on the recommendation of the Duke of Wellington, 

appointed Governor of New South Wales, the arduous duties of which he admi- 

nistered during four years. This appointment was alike honourable to the Duke 

and Sir Tuomas. The latter used to tell that while the two heroes were walking 

arm and arm one day in Paris, Sir Tomas remarked, that he would gladly accept 

the Governorship of New South Wales, as he was tired of inaction. The Duke 

remarked that he would write to Lord Bathurst, the Colonial Secretary, on the 

subject. Not many days after the Duke met him, and with a hearty laugh said, 

** Do you know, Sir THomas, what Lord Bathurst writes me this morning ?—that 

he wants one that will govern not the heavens but the earth, in New South 

Wales.” Sir THomas replied warmly, ‘“ Your Grace can testify, that during all 

the years which I have had the honour to serve under you in the Peninsula, 

whether I have ever suffered my scientific predilection to interfere with my mili- 

tary duties?” ‘ Certainly not, certainly not!” replied the great captain; “ I shall 

write his Lordship that, on the contrary, you were never in one instance absent or 

late, and that, in addition, you kept the time of the army.” 

While Sir Toomas was Governor of New South Wales he marked his adminis- 

tration by many wise reforms. He relieved the press from a rigid censorship, 

improved the condition of the convicts, and made their reformation more probable 

by giving them the blessing of hope, by shortening the periods of servitude. 

When he arrived in the colony, he found only 25,000 acres cleared, and after a 
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residence of four years, he had more than doubled the amount. At his own 

expense, he introduced good breeds of horses, and promoted the cultivation 

of the vine, sugar-cane, cotton, and tobacco. One grand feature of his admi- 

nistration was the entire toleration and protection which he gave to all 

Christians. 

At Parramatta, fourteen miles from Sydney, he erected an observatory, which 

has been fitly styled the Greenwich of the Southern Hemisphere. It was furnished 

with the best instruments by TroveuTon and Reicuenpacn. Some idea may 

be formed of the labours which, besides his duties as Governor, he voluntarily 

undertook, when it is stated, that he and his assistants, Herr RUMKER, and 

Mr Duntop, fixed the position and catalogued 7385 stars, hitherto little known 

to astronomers. For this magnificent work, “The Brisbane Catalogue of 

Stars,” he received perhaps the highest honour of his life,—certain it is he felt 

it so. The glory of the many battles he had won, or helped to win, had been 

rewarded by knighthood and a baronetcy, with stars and medals; but the gold 

medal awarded him by the Royal Astronomical Society outshone, in his esti- 

mation, all his other honours. 

The address delivered by the President of the Society, Sir J. F. Herscnet, 

on that occasion, is so highly honourable to Sir Jonn, and so complimentary 

to Sir Tuomas, that I make no apology for its quotation :*—‘“ In pursuance 

of the award of your Council which you have just heard, I have now to call 

your attention to the subject of the honorary marks of this Society’s appro- 

bation, which it is part of our business at this meeting to bestow. The selec- 

tion of objects on which such distinction may most deservingly and most use- 

fully be conferred has been, in this instance, of much interest and some diffi- 

culty, not from a paucity of claims, but from their variety and magnitude. On 

all sides, both abroad and at home, the spirit of astronomical research and dis- 

covery has been diligently alive. The great work which has been commenced 

on the continent, for the determination of the places of all the stars of our 

hemisphere in zones, has been continued with a patient ardour to which no 

words can do justice. The heavens have been ransacked for double stars, and 

the results of the search developing a most rich and unlooked for harvest of 

striking discoveries, being the first fruits of the great telescope of FRAUENHOFER, 

have been consigned to immortality, in a work which does honour to its age 

and nation, and which has already been brilliantly rewarded in another quarter. 

The ingenuity of one of our own countrymen has placed new, simple, and power- 

ful means in the hands of observers for verifying the stability of their instru- 

ments, and determining their fluctuations; and in every quarter, to go no further 

in this detail, an activity worthy of the high ends and dignity of our science has 

been remarkably displayed. 

* Transactions Royal Astronomical Society, vol, iii. p. 399. 
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«“ Among so many important labours, however, some of which are awaiting 

their final completion, or receiving the last touches of their authors, the attention 

of your Council has been fixed by the imposing mass of valuable observations 

which has emanated, during a series of years, from the observatory at Parramatta, 

established by the late governor of the colony of New South Wales, Sir THomas 

MAKDOUGALL BRISBANE, one of our vice-presidents, long distinguished among us 

by his ardent love of astronomy, and an intimate familiarity both with its theory 

and practice. 

‘*Nothing can be more interesting in the eyes of a European astronomer, 

especially to those whose field of research, like our own, is limited by a consider- 

able northern latitude, than the southern hemisphere, where a new heaven as 

well as a new earth is offered to his speculation, and where the distance, the 

novelty and the grandeur of the scenes thus laid open to human inquiry, lend a 

character almost romantic to their pursuit. A celestial surface equal to a fourth 

part of the whole area of the heavens, which is here for ever concealed from 

our sight, or whose extreme borders, at least, if visible, are only feebly seen 

through the smoky vapours of our horizon, affords to our antipodes the splendid 

prospect of constellations different from ours, and excelling them in brilliancy 

and richness. The vivid beauty of the southern cross has been sung by poets, 

and celebrated by the pen of the most accomplished of civilised travellers; and 

the shadowy lustre of the Magellanic clouds has supplied imagery for the dim 

and doubtful mythology of the most barbarous nations upon earth. But it is 

the task of the astronomer to open up these treasures of the southern sky, and 

display to mankind their secret and intimate relations. 

«Apart, however, from speculative considerations, a perfect knowledge of the 

astronomy of the southern hemisphere is becoming daily an object of greater 

practical interest, now that civilization and intercourse are rapidly spreading 

through those distant regions, that our own colonies are rising into importance, 

and that the vast countries of South America are gradually assuming a station in 

the list of nations corresponding with their extent and natural advantages. It is 

no longer possible to remain content with the limited and inaccurate knowledge we 

have hitherto possessed of southern stars, now that we have a new geography to 

create, and latitudes and longitudes without end to determine by their aid. The 

advantages, too, to be obtained, even for the perfect and refined astronomy of the 

north, by placing nearly a diameter of the globe between the stations of observa- 

tories, and taking up the objects common to both hemispheres in a point of view 

and under circumstances so every way opposite to those which exist here, have 

been strongly pointed out by a venerable and illustrious member of this Society, 

in an elaborate paper published in its Memoirs, and would alone suffice to justify 

a high degree of interest as due to every well-conducted series of observations 

from that quarter. 
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«The observations of Hatiey at St Helena had made known the places of a 

moderate number of the brighter southern stars ; but the only catalogue of any 

extent and accuracy which existed previous to the establishment of the observa- 

tories at the Cape and Parramatta, was that of LacatLie, who spent three years 

at the Cape of Good Hope and the Isles of France and Bourbon, and though with 

very inadequate instrumental means, yet, by dint of the most indefatigable 
industry, succeeded in observing and registering upwards of 10,000 stars. 

* But by far the greater part of these observations have never been reduced ; 

a selection only from them of 1942 of the principal ones, not amounting to a fifth 

of their whole number, having been formed into a catalogue and published by this 

meritorious astronomer. It must be admitted, however, that the degree of accu- 

racy stated by LAcAILLE himself to have been probably attained by him is hardly 

such as to make us now very deeply regret their want of reduction, especially 

as the observations themselves are printed with every requisite for that purpose 

when required. Still, however, from his method of observing, which was with a 

fixed telescope and rhomboidal network, his observations have what may be 

termed a dormant value, as they most probably give correct differences for each 

night’s work; and when a catalogue of standard southern stars shall be com- 

pleted, LAcaILLE’s observations will become available by regarding these as Zero 

points, and referring all the rest to them. 

* Such was nearly, with little improvement, the state of the astronomy of the © 

southern hemisphere when Sir THomas BrisBANE was appointed governor of the 

colony of New South Wales. The intention of our Government to found an 

observatory on the largest scale at the Cape of Good Hope was indeed already 

fixed; and the observer, a member of this Society, supplied with instruments 

sufficient for the purpose of constructing a preliminary catalogue, occupied him- 

self with the necessary observations, while awaiting the arrival of those ulti- 

mately destined to adorn that establishment, and the building of his observatory. 

The appropriate catalogue so constructed and reduced, containing all the southern 

stars observed by LacaiLiz, down to the fifth magnitude, is already printed by the 

Royal Society in their Transactions. 

‘Sir THomas BrisBane’s attachment to astronomy had ever been a prevailing 

principle of his mind, and one which, even amidst the distractions of a military 

life of no ordinary degree of activity and adventure, he found means to indulge, 

and which never deserted him, however the calls of his country might demand 

his services in a different and more splendid career. His appointment to the 

important office of governor of New South Wales, however, put it in his 

power to execute to their fullest extent, and under the most favourable circum- 

stances, plans of astronomical investigation which to a private individual would 

have been utterly impracticable. The opportunity was embraced with eager- 

ness. The best instruments, consisting of an excellent transit of 54 feet focal 
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length, by TRoucHToN ; a mural circle of 2 feet in diameter, the workmanship 

also of TROUGHTON, and said to have been the model on which that of Green- 

wich was constructed, and which had long been in his possession; and a, fine 

16-inch repeating circle of ReEIcHENBACH, were destined for this service, and two 

gentlemen engaged as assistants at considerable salaries,—the one a foreigner of 

high estimation as a mathematician and calculator, the other Mr Duntop, of 

whom I shall have occasion to say much more. It ought to be mentioned that 

this noble equipage was furnished entirely from Sir THomas’s private fortune, 

and maintained wholly at his own expense. 

“Immediately on his arrival in the colony in 1821, and so soon as an obser- 

vatory could be erected and the instruments established, the work of observation 

commenced, and continued, with little interruption, under the immediate super- 

intendence and direction of Sir Toomas BrisBane himself, who, though the press- 

ing and important duties of his high office would of necessity seldom admit of his 

devoting any material proportion of his time to actual observation, yet frequently 

took a personal share in the labours of the observatory as a relaxation from higher 

duties ; and, in particular, a great portion of the transits were made by himself. 

The first fruits of this enterprise were the cbservations of the December solstice of 

1821, which were published in the astronomical notices of ScHuMACHER ; in which 

work also appear those of both the solstices of 1822, and a number of detached 

and occasional observations, which reached Europe at different times by a variety 
of channels, and found their way into that valuable collection. 

“The solstices of 1823 were communicated by Sir THomas BrisBane to this 

Society in a letter to our late worthy President, together with a considerably 
extensive series of observations of principal stars, chiefly those visible in both 

hemispheres, and which have undergone a careful reduction and close scrutiny in 

the hands of Dr Brinxuey, the details of which, as well as the original observa- 

tions, are printed in the first part of the second volume of the Memoirs of this 

Society, and which justify in the eyes of that experienced observer, as they must 

in those of every practical astronomer, a decided opinion of the great care and 

skill with which they have been made. 

“A great number of occasional observations, such as eclipses, occultations 

and observations of the planets Venus and Uranus near their conjunctions and 

oppositions, and of comets from the same source, are also printed in the same 
volume. One of the most remarkable single results we owe to the establishment 

of Sir Toomas BrisBANE’s observatory, consists in the re-discovery of the comet 

of EnckKE in its predicted place, on the 2d of June 1822. 

©The history of this extraordinary body is well known to all who hear 

me, and as its re-discovery at Parramatta by Mr Rtmxer has already been on a 

former occasion distinctly noticed and rewarded by this Society, there is no 

occasion that I should here enlarge on it; and yet I cannot help pausing a 
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moment to figure the delight its celebrated discoverer must have experienced to 

find the calculations on whose exactness he had pledged himself thus verified 

beyond the gaze of European eyes, and this strange visitant, gliding, as if anxious 

to elude pursuit, into its primitive obscurity, thus arrested on the very eve of its 

escape, and held up to mankind a trophy at once of the certainty of our theories 

and the progress of our civilization. 

‘‘Observations of the length of the pendulum were not neglected by Sir 

THOMAS BrisBaNE; and the determination of this important element at Parramatta 

forms the subject of a highly interesting and valuable communication to the 

Royal Society, and printed by them in their Transactions for 1823, and discussed 

by Captain KarTer, with his usual ease and exactness. 

“ The remainder, and indeed the great mass of the observations made with the 

mural circle and transit instrument, have at different periods been communicated 

to the Royal Society, and are, for the present, deposited in its archives. 

“ Forming our judgment only upon those of which an account has been publicly 

read at meetings of that illustrious body, but which are understood to constitute 

only a comparatively small part of the whole, they form one of the most inter- 

esting and important series which has ever been made, and must ever be regarded 

as marking a decided era in the history of southern astronomy. 

“Tt is for this long catalogue of observations, whether scattered through the 

journals of Europe, printed in our own memoirs, or deposited as a precious charge. 

in the care of a body so capable of appreciating their merits, but still more for 

the noble and disinterested example set by him in the establishment of an obser- 

vatory on such a scale, in so distant a station, and which would have equally 

merited the present notice had every observation perished on its voyage home, that 

your Council have thought Sir Taomas M. Brispane deserving the distinction of 

a medal of this Society, which, as he is unable personally to attend this meeting, 

I will now deliver to his proxy, Mr Sourtn. 

“ Mr SourH, we request you to transmit to Sir THomas BrisBANz this medal, 

accompanied with the strongest expressions of our admiration of the patriotic 

and princely support he has given to astronomy in regions so remote. It will 

be a source of honest pride to him while he lives, to reflect that the first brilliant 

trait of Australian history marks the era of his government, and that his name 

will be identified with the future glories of that colony, in ages yet to come, as 

the founder of her science. It is a distinction truly worthy of a British governor. 

The colonial acquisitions of other countries have been but too frequently wrested 

from unoffending inhabitants, and the first pages of their history blackened by 

ferocious conquests and tyrannical violence. The treasuries of gold and silver 

they have yielded—the fruits of rapine—have proved the bane of those who 

gathered them ; and in return, ignorance and bigotry have been the boons be- 

stowed on them by their parent nations. Here, however, is a brighter prospect. 
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Our first triumphs in those fair climes have been the peaceful ones of science ; 

and the treasures they have transmitted to us are imperishable records of 

useful knowledge, speedily to be returned with interest to the improvement of 

their condition, and their elevation in the scale of nations.” 

Since this beautiful address was delivered by Sir JoHn HERSCHEL, the ob- 

servations made at Parramatta of Encoxr’s comet have formed the basis— 

and a solid one—for the most sublime speculations of the astronomers of our 

time. This remarkable body performs its revolution round the sun in 34 years, 

and has been observed to complete its rotation in a constantly decreasing 

period, verging year by year nearer to the sun. From this fact, astronomers 

have concluded, that all the planets are moving in a thin, attenuated, but yet 

resisting medium, and that our earth, and all its associates, are winding through 

a long spiral orbit towards the sun, and must fall at last into its burning 

atmosphere. 

On his return from Australia, Sir Tuomas resided chiefly at Makerstoun, 

where he established an astronomical observatory surpassing any other in Scot- 

land at the time; the equatorial alone, by TRoucHTON and Sims, having cost him 

upwards of £600. 

When the British Association undertook the question of the laws of the 

earth’s magnetism, Sir THomAs joined most zealously in the cause; and had it 

not been for his almost princely munificence, Scotland would have been left 

unrepresented in the great congress of magnetic inquiry. In 1841 he estab- 

lished his magnetic observatory at Makerstoun, certainly not inferior to any in 

Europe. With the assistance of a very able staff of assistants, of whom Mr 

ALLAN Broun (now astronomer to the Rajah of Travancore) was director, he sent 

forth three large volumes of Observations, which were published at the joint 

expense of this Society and Sir Tuomas, and for which he was awarded the 

highest honour in their gift, the Keith Medal. Principal Forses has well said of 

these works, that ‘‘they form probably the greatest contribution made to science 

by Sir Tuomas BrissAnE—hardly even excepting the establishment of the Aus- 

tralian observatory. They have a double interest for us, as being a unique 

contribution to the science of his native country; and he was liberally anxious 

that the Royal Society should be so far associated with him in this truly 

patriotic work.” 

Whilst resident at Makerstoun he was offered the command of the troops in 

Canada, and shortly afterwards the chief command in India, but the advice of 

his medical friends constrained him to decline both of these honourable pre- 

ferments. On the death of Sir WaLtTErR Scort in 1833, he was elected President 

of this Society, and showed his high appreciation of the honour by the deep 

interest he always took in its welfare, and lastly, by founding the Brisbane 
Biennial Medal for scientific merit. 
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To the Royal Society of Arts he also presented a similar token of his zeal for 

practical science. 

During the latter years of his life he resided on his patrimonial estate at 

Brisbane, devoting his whole time to science and philanthropy. For the educa- 

tion of the young he always displayed a deep solicitude; and the Brisbane 

Academy at Largs, which he endowed, will ever be a monument of his en- 

lightened zeal and munificence. 

He died at Brisbane on the 27th January 1860, in the same room in which 

he was born eighty-seven years before, regretted and beloved by all who esteem 

bravery and science, and the best graces of the Christian character. 
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XXVII.—On the Action of Uncrystallised Films upon Common and Polarised 

Light.* By Sir Davin Brewster, K.H., F.R.S. 

(Read 20th February 1860.) 

In a paper on the Polarisation of Light by Refraction, published in the “ Philo- 

sophical Transactions” for 1814, I have shown that when a pencil of light is inci- 

dent on a number of uncrystallised plates, inclined at the same or different angles 

to the incident ray, all their surfaces being perpendicular to the plane of the first 

incidence, the transmitted pencil will be wholly polarised, when the sum of the 

tangents of the angle of incidence upon each plate is equal to a constant quan- 

tity, depending upon the refractive power of the plates and the intensity of the 

incident pencil. 

This law, though admitted by,M. Araco in his article on Polarisation in the 

* Encyclopedia Britannica,”+ was called in question by Dr Youne,} on 

the ground that no finite number of plates could polarise the whole trans- 

mitted beam, as a small portion of light must always remain unpolarised, or in 

the state of natural light. This is doubtless true; but, as Sir John HrrscHen 

has shown, it does not affect the truth of the law, which involves the intensity of . 

the incident pencil. According to the law of geometrical progression, indeed, a 

small portion of unpolarised light exists mathematically in the transmitted beam, 

but a beam of light may be said to be completely polarised when the unpolarised 

portion is invisible, ‘vanishing entirely in certain positions of the analysing 

prism. 

Neither M. AkAco nor Dr Youne has made the slightest reference to that por- 
tion of the refracted light which is reflected at the surfaces of each plate, and 

returned into the transmitted beam. Sir Joun HeERscHEL, however, has dis- 

tinctly referred to it, and remarks, that ‘“‘it mixes with the transmitted beam, 

and, being in an opposite plane, destroys a part of its polarisation.” § 

Although the law of the tangents, which I have mentioned, refers only to the 

transmitted pencil, yet, in the paper which contains it, I have shown that the 

light reflected back into that pencil is distinctly visible, not as ordinary light, as 

Sir Jonn HerscHeEt maintains, but as light polarised in an opposite plane to the 

refracted pencil. 

When the angle of incidence is considerable, this oppositely polarised light 

appears as a nebulous mass, like the nebulous image in the agate, and, after exa- 

_* This paper was read at the meeting of the British Association held at Aberdeen in Sept, 1859. 
¢ Encyc. Brit., vol. xviii. part 1, sect. v. t+ Ibid., in the passage within brackets. 
§ Treatise on Light, art, 868. 
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mining it, I found it to have the same relation to the refracted pencil “as the 

nebulous tmage has to the bright image of the agate, or as the first has to the second 

pencil of doubly refracting crystals.” * 

In making the experiment with a small bright image of a candle, and using 

plates of parallel glass, I found that the reflected images a, a, a, a, were dis- 

tinctly separated from the bright or refracted image A, and were all polarised by 

reflection in a plane opposite to that of A.f 

Although these two facts, which have much theoretical importance, were not 

only minutely described, but represented in diagrams, in my paper of 1814, yet 

they escaped the notice of the three distinguished philosophers I have named, 

and of all subsequent writers; and the consequence of this has been, that the 

true action of a pile of plates, or films, has never been the subject of research 

during the last forty-six years, though such piles have been used in some of the 

most delicate and important researches in physical optics. 

The difficulty of procuring transparent plates with parallel surfaces, and of 

sufficient thinness, would have prevented the most skilful observer from making 

any progress in the inquiry; and had I not been fortunate enough to obtain, 

from the museum of the Marquis Campana in Rome, a large quantity of glass 

in different stages of decomposition, I could hardly have done more than 

confirm the result which I obtained in 1813, that the light transmitted by a 

pile of transparent plates consists of two portions of light polarised in opposite 

planes. 

In submitting the films of decomposed glass to the polarising microscope, I 

observed a number of polygonal portions, approaching more or less to circles, 

but often perfectly circular, and exhibiting the black cross with coloured sectors 

and rings, analogous to those produced by uniaxal crystals. This observation, 

which was made with decomposed glass given me forty years ago by the late 

Marouis of NorTHAMPTON, was communicated to the British Association at Glas- 

gow in 1855; but at that time I regarded the black cross and its accompanying 

tints, as shown in the drawings on the table, as produced by the refraction and 

polarisation in different azimuths of the light transmitted through the spherical 

shells, like a group of watch-glasses, of which the circular portions were com- 

posed. The light surrounding the black cross was so highly coloured with the 

colours of the thin plates which composed the film of glass, that I failed in every 

attempt to analyse it. After examining, however, many hundreds of these 

films, from the new specimens which I have mentioned, I succeeded in finding a 

few in which there were no such colours, and which enabled me to arrive at re- 

sults that could not have been obtained from the finest and the thinnest plates of 
glass artificially produced. 

* Phil. Trans., 1814, p. 226, and Plate VIIL,, figs. 2, 3. 
Tels, ib, 
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These results will be understood from the annexed diagram, in which M N isa 

thin plate and A B a ray of common light incident perpendicularly at B, and 

emerging at C in the direction CD. As a portion of the ray B C is reflected 

at C, and again reflected at B and transmitted at C, the pencil C D will consist 

of two distinct portions, one of which has been twice refracted, and the other 

and much feebler portion twice reflected. As neither of these portions are 

polarised, no physical change is produced by their combination, unless when the 

plate M N is so extremely thin as to produce the colours of thin plates, by the 

interference of the reflected with the refracted portions. 

D 

When a ray R B is incident obliquely at B, it suffers refraction at B and E, 

and the emergent pencil E F contains a portion of light polarised by refraction. 

This ray, in passing through other plates or films parallel to M N, is at last com- 

pletely polarised in one plane, having grown feebler in intensity by the abstrac- 
tion of the light reflected at the two surfaces of each plate. 

The portion of the refracted pencil B E which is reflected at E and G, and a 
portion of it polarised, emerges at K as a pencil, K L, partly polarised by re- 

flection. A portion of G K is again reflected at K and H, and emerges at P as a 

pencil P S more polarised by reflection than K L. Hence the principal or re- 

fracted pencil, E F, is combined with the pencils K L, P S (and others by reflec- 

tions at P, &c.), polarised in an opposite plane, so that with a certain number of 

plates, varying with the angle of incidence, the emergent pencil E F, K L and 

P §, consists of two oppositely polarised portions of light approximately equal. 

When polarised light is incident upon a pile of these thin and colourless films, 

and subsequently analysed, it exhibits all the properties of a plate cut perpen- 

dicularly to the axis of an uniaxal crystal. The line A D corresponds with 

the axis of the crystal; and the different azimuths in which the polarised ray 
may be inclined to this axis corresponds with the principal sections of an uniaxal 
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crystal. The polarised tints have the same value in every azimuth at the same 

angle of incidence, and therefore form rings which, when crossed with plates of 

sulphate of lime, descend in Newton’s Scale like the tints of negative uniaxal 
crystals. 

Out of hundreds of specimens now on the table, I have found a few so colour- 

less and so perfect as to produce, at different incidences, all the polarised tints or 

rings up to the dlue of the second order of Newton’s Scale. These colours are so 

pure, and so regularly developed by the inclination of the plate, that the most 

skilful observer could not fail to pronounce it to be a portion of a doubly refract- 

ing crystal. 

The production of the leading phenomena of doubly refracting crystals,— 

namely, two oppositely polarised pencils,—and the system of coloured rings by 

the interference of these pencils, is certainly one of the most remarkable facts in . 

physical optics; and, in a theoretical point of view, no less remarkable is the fact 

that one of the interfering portions is a fasciculus of pencils returned into the 

refracted beam by different routes, and having different origins. 

Owing to the extreme thinness of the combined films, we cannot, as with thick 

plates of uniaxal crystals, see at once the black cross and its attendant rings; 

but in numerous specimens of decomposed glass to which I have already referred, 

the films are spherical shells of different diameters and thicknesses, and exhibit 

the black cross with the greatest sharpness and beauty. In many specimens 

these circular combinations are perfectly colourless; and the colours of the four 

luminous sectors which embrace the black cross rise only to the white of the first 

order. 

When the films are so thin as to give the colours of thin plates, the colour -of 

the luminous sectors is generally the same as that of the film in which the cir- 

cular portions occur, and the rings or bands which surround them have a very 

peculiar character, owing to the manner in which the spherical shells are joined 

to the films which compose the plate. 

How far these results may lead to new views of the structure which paaees 

double refraction, it would be unprofitable to inquire in the present state of our 

knowledge of the atomical constitution of transparent bodies. 
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XXVIII.—On some Derivatives from the Olefines. By FrepErick GUTHRIE, 

F.R.S.E., Professor of Chemistry in the Royal College of the Mauritius. 

(Read 18th March 1861.) 

Some years ago I commenced an examination of the behaviour of the so-called 
olefines towards certain compound halogens. I was induced to this by the con- 

viction that the bodies resulting from the union of a group of unequally chemico- 

negative elements with an olefine, would place an instrument of great power 

into the hands of systematic chemists, especially of synthesists. My expectations 

have been more than realized. The few olefines which I have examined in their 

relation to compound chemico-negative groups have given rise to a series of new 

bodies remarkable alike for their great number and for the elegance and import- 

ance of the reactions attending their formation and recompositions. , 

It will probably be found that the Ketons and other oxygeniferous bodies may 

enjoy some of the properties of the olefines proper: but we must be content to 

define an olefine provisionally as a hydrocarbon capable of uniting directly with 

halogens. According to this definition, we find olefines falling naturally into two 

groups. Of the one group, Naphthaline is the sole representative. This olefine 

unites with two or four equivalents of halogen, to form, expressed generally, 

CoH XG Cs KKK, 

and the numerous class of bodies idiotypic with these, of which. the following are 

examples : 

Ope 00 Ae UNC 2.8.6 

The other group of olefines has the general formula 

Con Ho. 

For the chemical saturation of the members of this group, two equivalents of 

halogen are necessary and sufficient : 

Con Hon XX. 

Bertueior has shown that an olefine of the latter form may indeed unite 

with a hydrohalogen and that the result is a body identical with the halide of 

the corresponding radicle. 

Con H.,+ HxX=C,,H Gree 

C, H,+H Br=C, H, Br 
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The question, which has been already partly discussed,* and the continued dis- 

cussion of which forms the subject of the present communication, is, whether ole- 

fines of the form 

Con Hon 

may not, like naphthaline, unite with groups consisting of dissimilar halogen 

elements: and amongst what class of organic salts such combinations are to be 

ranked. 

Since with such olefines there appears to be only one stage of saturation, we 

are induced to examine the behaviour of the compound halogens already formed 

towards the olefines, rather than to effect the same purpose by the successive 

application of dissimilar ones. 

The olefines whose behaviour in this direction I have as yet chiefly examined 

are Ethylen or Olefiant gas, and Amylen. These olefines have been principally 

considered in their relation to the sulphides of chlorine. 

The ethylen employed was formed by heating quickly a mixture of three 

parts by volume of oil of vitriol with one part of alcohol of 85°/, and sufficient 
sand to make a thick paste, passing the gas in succession through dilute caustic 

soda and strong sulphuric acid, and collecting over lime water. Ethylen so pre- 

pared, which, before used, is dried by passing through strong sulphuric acid, I 

have analyzed on several occasions, and found absolutely pure. 

The amylen} employed had been prepared by the action of chloride of zinc 

on amylic alcohol. After a few rectifications it boiled constantly at 38° C. at 

758 m.m. pressure. It has the specific gravity of 0°6727 at 12°C. On burning 

with oxide of copper it showed the following composition :— 

I. 0:2346 orm. gave 85°77 per cent. carbon and 14:11 hydrogen. 
II. 0°2627 grm, gave 85°79 per cent. carbon and 14:22 hydrogen. 

Creha Pound, 
requires f. II. Mean. 
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The results which I have already obtained in this direction are briefly as 

follows : {— 

* I. Chem. Soc. Quart. Jour., vol. xii. p. 109. Ann. der Ch. u Ph., exiii. p. 266; Annales de 
Ch. et Phys., vol. lix. p. 461. 

II. Chem. Soc. Quart. Jour., vol. xii. p. 35. Ann. der Ch. u Ph., exvi. p. 234. 

III. Chem. Soc. Quart. Jour., vol. xiii. p. 129. 
t From Messrs Simpson, Mavte, and Nicuotson. 
ee Worrz (Ann. de Ch. et Phys., vol, lix.), in referring to the bodies (1), (2), (3), (4), (9), (10), 

remarks,— 
“SCI, correspondant a SO, etant diatomique, il en résulte en effet que SCl,—Cl c’est 4 dire SCl 

doit étre monatomique. Vous ferons remarquer, néanmoins, que l’on peut envisager la constitu- 
tion de ces composées d’une autre maniére, en supposant qu’ils renferment le groupe diatomique, 

“ Sulphure d’ethyléne (C, H, §,)” et 
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The bodies C1S, and SCI unite directly with the olefines C, H, and C,, Hi, 

to form 
* (1) C,H, 8, Cl, — Bichlorosulphide of ethylen. 
eee RO, 2 .ChiSe Bisulphochloride of ethylen. 
* (8) C,, H,, 8, Cl, Bichlorosulphide of amylen. 
* (4) C,, H,, C18, Bisulphochloride of amylen. 

At elevated temperatures, C, H, acts upon 8, Cl to produce 

(5) C,H, 8, Cl,  Bisulphochloride of chlorethylen. 

“ Sulphure d’amyléne (C,, H,, S,)’ correspondant aux oxydes, Ces groupes en se combinant a 2 
atomes de chlore forment les deux chlorures suivants— 

Dichlorure de Sulphethyléne (C, H, 8,)’ Cl, 
Dichlorure de Sulphamyléne (C,, H,, 8,)’ Cl, 

*¢ Quant anx chlorure C,, H,, S, Cl nous doublons son equivalent et nous representons sa consti- 
tution par la formule 

oF RS a" Cl, 

2 10 10 

“On sait que 2 atomes d’oxyde d’ethyléne peuvent se réunir pour se combiner a 1 atom d’eau. 
Tl n’est pas done extraordinaire que 2 atomes de sulphure d’amyléne de reunissent pour se com- 
biner a 2 atomes de chlore, Si cette maniére de voir est exacte on doit representer la constitution 
de l’oxyde de disulphamyléne et cette de hydrate d’oxyde de disulphamyleéne par les formules 

HL, bie? 
H, Ss » A § 210, 

2 

With regard to the first portion of M. Wurtz’s remark relative to the bichlorosulphides, I have 
to observe that the body SCl, has not been shown to exist, and, therefore, how its atomicity would 
be affected by a withdrawal of chlorine is a premature speculation. 

Further, if the diatomic olefines are combined with two atoms of sulphur (‘corresponding to the 
oxides”), why do they combine with two more atoms of halogen? Not, I think, because they have 
two stages of saturation, as M. Wurrz’s view would indicate, but because halogen groups may have 
the same index of saturation as simple halogens. In this manner 

“ Oxyde de sulphamyléne CF 

‘“‘ Hydrate de sulphamyléne Cio 
10 ‘ 

C, H, o= Ethylenether 

C, H, 0" = Glycol. 

Concerning the bisulphochlorides, there is perhaps as much reason for doubling their formule as 
for doubling that of water; and so for the bisulphoxide. 

M. Wortz’s proposed formula for the hydrated bisulphoxide of amylen, viz., 

C,, Hy 8, } "0 
Cio 10 8, . 

2 

I cannot interpret, unless it belong to the class of “ mixed types.” 
On the other hand, we may regard it as 

S, 
Cy Ears HO, 

which, I insist, is more congenial to analogy. 
But, in truth, if the function of a formula be to express potential recomposition, these bodies 

eminently show the insufficiency of a single formula. 
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When the latter body is submitted to the action of chlorine, there is formed 

(6) C, H, S Cl, Chlorosulphide of bichlorethylen, 

A body identical with that got by the action of chlorine upon the bisulphide of 

ethyl— 
(7) C, Cl, § Sulphide of terchlorethyl. 

Further, chlorine acts upon the bisulphochloride of amylen to form 

(8) C,, H, S Cl, -Chlorosulphide of terchloramylen ; 

Moreover, oxide of lead converts the body (4) into 

* (9) C,, H,, 8, 0  Bisulphoxide of amylen, 

while hydrated ammonia and hydrated potash give rise to the hydrate of (9) 

* (10) C,, H,, 8, O HO Hydrate of bisulphoxide of amylen. 

The manner of the formation of these bodies, and the definite and integral 

nature of the reactions which they show, is alone sufficient to prove that they are 

true single chemical compounds, and not mixtures. Since, however, they are 

none of them volatile without decomposition, their boiling points and vapour 

condensation, useful criteria of homogeneousness, are wanting. The same fact, 

however, may be equally well established by another method; that, namely, of 

“‘ fractional solution.’’ This method, which is of very wide application, has been 

already successfully employed in determining the homogeneous nature of gases. 

The principle may be enunciated as follows :— 

‘< If a body be partly dissolved in a solvent, and if the dissolved part and the 

undissolved part, or the dissolved part and the whole, have the same composi- 

tion, then the body is a simple one.” 

The converse of this law is not true, because solution may effect decomposi- 

tion. Nor is the law itself any more or less true than that no two different 

bodies are soluble under the same circumstances to exactly the same extent in 

the same medium. This seems to be true in all cases but where the solubility is 

infinite, or indefinite miscibility possible. 

This method was applied to the bisulphochlorides of amylen and ethylen, 

because, as we shall immediately see, they give rise to numerous derivatives, and 

because their definite nature should be therefore set at rest. 

A few grammes of the bisulphochloride of ethylen were warmed with strong 

alcohol until about half dissolved. The alcoholic solution was poured off, evapo- 

rated to expel the alcohol, then washed with water, and dried over sulphuric acid 

im vacuo. 

On analysis, 

I, 0.4436 gave 25:27 per cent, carbon and 4°36 hydrogen. 
II, 0-4280 gave 33°88 per cent. sulphur. 

III. 0.2838 gave 36:00 per cent. chlorine. 
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Comparing this analysis with the one given of the entire substance, ‘Quarterly 

Journal of Chemical Society,” we find— 

C, H, S, Cl Entire Dissolved 
requires subst. portion. 

C=25:13 25:93 25:27 
H= 4:19 4°32 4°36 

$=33°51 33°47 33°88 
C= 377.17 36°29 36°00 

100-00 100-01 99°51 

Which proves that the substance is single. The bisulphochloride of amylen, on 

being treated in a similar manner, gave a substance which showed the following 

composition :— 
I, 0:3934 grms. gave 23°81 per cent. sulphur. > 

II. 0.2677 grms. gave 25°66 per cent. chlorine. 

Comparing this with analysis, “Quarterly Journal of Chemical Society,” vol. 

erp. 113, 

Ci, H,, 8, Cl : Total Soluble 
requires subst. portion. 

C=43'64 43-80 

H= 7:27 TAT Bie 
S=2a-27 23:93 23°81 
Cl= 25:82 24:73 25:66 

100-00 99°93 

I considered a determination of the carbon unnecessary. 

Having thus established the right of these bodies to be considered pure and 

homogeneous, the next thing was to examine the action of chlorine upon the 

bisulphochloride of ethylen. 

If dry chlorine be made to act upon bisulphochloride of ethylen in the dark, 

hydrochloric acid is evolved, together with chloride of sulphur: the temperature 

rises considerably. If the action be assisted by the heat of a water bath, and the 

excess of chlorine be expelled by a current of dry carbonic acid, a product is 

obtained which is identical with that got by the action of chlorine either upon 

the bisulphochloride of clorethylen C, Gi Cl S,, or upon the bisulphide of ethy1.* 

For on analysis, 
I. 0°3824 grms. gave 70°69 per cent. of chlorine. 

II. 0:4880 grms. gave 10°63 per cent. of sulphur. 

C, H, Cl, § 
requires a II. 

C=16-16 2 mae 
H= 1:35 eee see 

S=10-76 Bsa 10°63 
Cl=71-73 70-69 os 

100-00 

* Chem. Soc. Quart, Jour., vol xiii. 

VOL. XXII. PART III. 7U 
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Showing that the product, as in the two other cases, is the chlorosulphide of 

bichlorethylen. 

Hence we are led to the general conclusion that, towards chlorine a body of the 

form C, H, 8, Cl behaves like one of the form C, Ha,, S,. For the three bodies 

C, H, 8, Cl, C, H, §,, and C, H, S, Cl, all yield, when acted upon by chlorine, 

C,H,SCl,. Accordingly, the most rational formule for these three bodies 

towards chlorine will be— 

Bisulphide of ethyl. Bisulphochloride of Bisulphochloride of 
ethylen. chlorethylen. 

Con Se, Coy Se, C.qy So 

H Cl Cl 

—the ultimate action of chlorine (at 100°C. in the dark and at ordinary pres- 

sures) being in all cases to form the body, 

H 
C cl g { The chlorosulphide of bichlorethylen, 
4C] or sulphide of terchlorethyl. 
Cl 

I shall not assert that the identity of the ultimate products is a decisive proof, 

even in this case, of the identity of original constitution ; but if it be admitted as 

such, the union of the olefines with the bisulphide of chlorine must be placed side 

by side with the union of hydrobromic acid with ethylen; namely, we must look 

upon the resulting products in the first case as being the bisulphides of the mono- 

chlorinated radicals. 

Further, if we indulge in the assumption that the bichlorosulphides of ethylen 

and amylen, 
©, H,'3,1,, C, A, 8, C1, Oe 

are constructed upon the same type, we are induced to the formule, 

C, ct Sau fest } S, Cl, 

which would in truth compel the admission, that S,Cl may saturate a single 
hydrogenoid. This proposal will startle us the less when we remember on the 

one hand the equality in saturating power between chlorine and cyanogen; and, 

on the other, the monosaturating power of sulphocyanogen.* We shall hereafter 

see that the olefines may unite with the elements of one equivalent of sulphocy- 

anogen, and with compound groups of which such an equivalent forms a part, 

* I may not here discuss the composition of the sulphocyanides. Whether they be isotypic with 
the cyanates or the cyanides, or whether such a distinction be at all a substantial one, is here a 
matter of secondary importance. 
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showing that either the olefines have more than one index of saturation, or that 

the diverse grouping of the halogen equivalents must compensate for the absolute 

number of their equivalents concerned. 

The general direction of argument then, hitherto, tends to show that towards 

chlorine, the bisulphochlorides of ethylen and of amylen behave like the sulphides of 

chlorine-containing radicals. 

Other reactions show these bodies in a different perspective. 

The Hydrated Bisulphoxide of Ethylen. 

C, H, 8, OHO. 

If an alcoholic solution of hydrated potash be added to an alcoholic solution 

of the bisulphochloride of ethylen, an immediate precipitation of the chloride of 

potassium ensues—a precipitation which removes the whole of the chlorine, 

provided the first solution bein excess. The alcoholic filtrate from the precipitated 

chloride of potassium is then freed from the excess of alcohol by the gentle heat 

of a water bath, and the heavy oily drops which appear are washed with water, 

to remove the still adhering alcohol and chloride of potassium, and then dried zn 

vacuo over sulphuric acid. 

On analysis— 

I. 0:4333 grms. gave 31°33 per cent. carbon, and 6°67 hydrogen. 
II. 0:2984 grms. gave 42°26 per cent. sulphur. 

C, H, 8, OHO 
Requires I. II. 
C=31-17 31°33 ; 
H= 6:49 6:67 sae 
S=41:56 nee 42:26 
0 =20-78 Ss uf 

100-00 

Hence, the body formed is the hydrate of the bisulphoxide of ethylen, its for- 
mation having taken place according to the equation, 

C, H, S, Cl+KOHO=K C1+C, H, 8, OHO, 

a reaction precisely similar to that which directs the formation of the hydrate of 
the bisulphoxide of amylen. Of course both of these reactions may be viewed as 

consisting in the replacement of the chlorine by peroxide of hydrogen. 

I must leave the further description of this body, and of the bisulphoxide of 

ethylen C, H, 8, O, and of some other derivatives from the bisulphochloride of 
ethylen, for another opportunity—merely insisting here upon the curious fact, 

that towards oxides and hydrated oxides, the bisulphochlorides of amylen and ethylen 
behave like the chlorides of radicals of the form C, Has 
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C, H, Cl+ Ag 0 C,) H,, Ol+Ag 0 
=C, H, 0+Ag Cl =C,, H,,0+Ag Cl 

C, H; Cl+KOHO C,, H,, Cl+KOHO 
=KCl+0,H,0HO =KCI+C,,H,, OHO 
C,H, S, Cl+Pb 0 C,) H,, 8. Cl+ PbO 

=C,H,S,0+PbCl =C,,H,, 8, 0+Pb Cl 
C,H, S,Cl+KOHO C,, H,, S, Cl+KOHO 

=C, H, §, OHO+K Cl =C,, H,, 8, OHO+K Cl. 

Viewed from this aspect, the bisulphochlorides of ethylen and amylen are the 

chlorides of sulphur-bearing radicals,— 

H, gy co a1, C, S, 10 §, 

which may indeed be isotypic with the chlorides of ethyl and amyl; but if they 

are so, they indicate that 32 of sulphur may replace 1 of hydrogen. Certainly 

the sulphur is combined with great energy, as we have seen formerly in the pre- 

paration of sulphide of fusy]l, 

Cio H, 8, 

and the numerous other reactions. Further instances of this are furnished by 

Bithiocyanide of amylen, C,, H,, Gn and Bithiosulphocyanide of amylen, C,, H,, 

S. 
S, Cy. 

The formation of these substances is so akin to the already described forma- 

tion of the oxide and hydrated oxide of bisulphide of amylen, that a detailed 

description is superfluous. In both cases, an alcoholic solution of the bisulpho- 

chloride of amylen is heated on a water bath with an alcoholic solution of the 

cyanide or sulphocyanide of potassium. ‘The precipitated chloride of potassium is 

separated by filtration, the excess of alcohol expelled on a water bath, and the 
resulting product washed with water and dried 77 vacuo. 

The bithiocyanide of amylen showed the following percentage composition on 

analysis :— 
I, 0:2432 grms, gave 55°65 per cent. carbon and 7:60 hydrogen. 

II. 0°3881 grms. gave 24°66 per cent. sulphur. 

Ciqeln, = Pound, 

requires I. II. 
C=56:25 55:65 . 
Belay cist 7°60 she 
S=25:00 Bae 24°66 
N=10:94 ate ate 

100-00 

The bithiocyanide of amylen has the specific gravity 1:07 at 13°C. It appears 

as a yellow liquid of nauseous smell. 

The bithiosulphocyanide of amylen gaye, on analysis, 
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I. 0:2336 grms. gave 44°46 per cent. carbon, and 6:54 hydrogen. 
II. 0°3768 grms. gave 39°32 per cent. sulphur. 

Orga By Cy Found— 10 §, 

requires, Te af 
C=45:00 44:46 
i 6:20 6:54 
S= 40-00 . 39:32 
N= 8-75 seis 

100-00 

The specific gravity of the bithiosulphocyanide of amylen is 1:16. Like the 

preceding compound, it is also a liquid. 

These bodies are perhaps chiefly interesting as showing how many halogens 

may be introduced to an olefine, provided they be offered in a systematic manner. 

Looking at these manifold substitutions of chlorine in the bisulphochloride of 

amylen there seems to be no reason why oxygen acids should not be also intro- 

duced in place of the chlorine; that is, why such bodies as 

s 
C1) Hyp C, H, 0, 

should not be formed, which would be the analogue of acetic ether. 

The alcoholic nature of the hydrated bisulphoxide of amylen appears to be 

further evinced by its forming a copulated acid when dropped into a large excess 

of sulphuric acid, which is kept quite cold. 

The Bisulphide of Amylen, C,) Hy) Sy. 

The behaviour of the bisulphide of chlorine towards the olefines of the form 

Con Hon, 

and the varied transformations which we have seen presented by the com- 

pound resulting from the union of bisulphide of chlorine with amylen, lend addi- 
tional interest to the formation and properties of the bisulphide and bichloride of 

amylen, 

ou Ho oi 

10 10 2° 

As neither of these bodies has been described, a short account of their pre- 

paration will not be out of place here. 

If an alcoholic solution of the bisulphochloride of amylen be treated with zine 

and sulphuric acid, the whole of the chlorine is removed, as chloride of zinc and 
hydrochloric acid, after a few hours’ digestion on a water bath. The reduction, 
however, does not stop at this point; sulphuretted hydrogen is evolved. The 

organic compound, however, under all the conditions I have employed, refuses to 

part with the whole of its sulphur, the result being a product which, after puri- 

fication from the alcohol by evaporation and washing with water, is indeed rich 

VOL. XXIZ. PART III. 7x 
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in sulphur and wholly volatile, with but trifling decomposition. But both 

analysis and the fact of the evolution of sulphide of hydrogen show that it con- 

tains less sulphur than belongs to the compound 

Cio H,, 8, 

Its boiling point rises from cizca 60° C. to 260° C. 

Nascent hydrogen proves, therefore, too powerful a dehalogenizer for the end 

in view. 

Metallic zinc enjoys the curious power of removing the whole of the chlorine 

and leaving the sulphur intact, according to the equation, 

C,, H,, 8, Cl+ Zn=C,, H,, 8,4 Zn Cl. 10 ~2 

The necessity for only one equivalent of zinc in the above equation attaches the 

reaction rather to the reduction of kakodyl from its chloride by means of zinc 

(C, H,), As Cl+ Zn=Zn Cl+(C, H,), As, 

or the reduction of ethyl from its iodide by sodium 

C, H, 1+ Na=Na1+C, H,, 

than to the reaction obtaining between the iodide of ethyl and zinc. 

To prepare the bisulphide of amylen, an alcoholic solution of the bisulpho- 

chloride is treated with water, nearly sufficient to produce precipitation. Granu- 

lated zinc is added, and the retort containing the reagents is attached to an 

inverted condenser, and gently boiled in a water bath for some hours. 

To test whether the reaction is accomplished, a few drops of the solution are 

evaporated in a crucible until the alcohol is expelled. The residual liquid is 

then washed with water, redissolved in alcohol, and treated with a fragment of 

sodium. The whole is then gradually heated to redness, and the chlorine tested 

for in the ordinary way. The slightest trace of chlorine may be thus detected in 

all bodies soluble in alcohol. 

The whole of the chlorine being eliminated, the product is treated with water. 

and the oil which rises to the surface is removed. After repeated washings 

with water, it is dried over chloride of calcium and rectified. The portion which 

boils between 200° and 208° is collected apart. From this a large product is 

obtained, which boils constantly at 200° C. 
On analysis, 

I. 0:8012 grms. gave 30°60 per cent. of sulphur. 
II. 0:2833 grms. gave 58°32 per cent. carbon and 10°36 hydrogen. 

III. 0°3270 grms. gave 58:26 per cent. carbon and 10-24 hydrogen. 
107096 | IS «5s Found— 
requires, I. II. Lane Mean. 
C=58'82 maf 58°32 58-26 58:29 
H= 9°80 ae 10-26 10°24 10-25 
Sa lnad 30°60 San, a 30°60 

99:99 99-14 
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From this analysis it would appear that the repeated distillation which the 

body had undergone had not materially affected its constitution. 

The bisulphide of amylen is a light yellow, limpid liquid, of offensive smell. 

Its specific gravity at 13°C. is 0:907. Its boiling point circa 200°C. It shows no 

tendency to combine with the oxides of lead or mercury, like a mercaptan; nor 

does it, under ordinary conditions, combine with oxygen acids or sulphide of 

hydrogen, showing, in this respect, an essential difference from its oxygen 

isotype the binoxide of ethylen, which unites directly and readily with oxygen 

acids and chloride of hydrogen. 

The Bichloride of Amylen, C,, Hy, Cl,- 

All my efforts to combine chlorine directly with amylen have failed. Both 

dry and wet chlorine are absorbed with the greatest avidity by amylen. But the 

reaction is not a simple union. Even when freshly-made ice-cold chlorine water 

is shaken with amylen in the dark, conditions perhaps the most favourable for 

direct union, abundance of hydrochloric acid is eliminated, and the product, 

which, after the expulsion of the amylen, is heavier than water, shows no con- 

stant boiling point, and contains chlorine-substitution products, either of amylen 

or of its chloride. 

But, indirectly, the bichloride of amylen may be prepared with facility; and 

as the method is both elegant and remarkable, I may describe it here. It is - 

based upon the power which amylen enjoys of reducing the pentachloride of 

phosphorus to the state of terchloride, a reaction which at once reminds us of 

the analogous one which is frequently used to prepare the bichloride of ethylen ; 

namely, the elimination by that olefine of two equivalents of chlorine from the 

pentachloride of antimony. 

If pentachloride of phosphorus be finely powdered and treated with perfectly 

dry amylen, a rise in temperature of a few degrees Centigrade takes place. No 
hydrochloric acid is evolved. The amylen disappears after a time, and the solid 

becomes more bulky. Successive quantities of amylen are added as long as these 

changes occur, and the mixture is allowed to stand for some days. The pasty 

mass is then transferred to a basin, which is set to float upon a bowl of water, 

the whole being loosely covered. The moist atmosphere causes the whole to 

become liquid in about twelve hours, and the uncombined amylen escapes. The 

residual liquid has now to be washed, at first with water, and finally with dilute 

caustic potash, till all acid reaction disappears. It should be then gently 

warmed on a water bath to expel all traces of amylen, then dried over 

chloride of calcium, and rectified. 

The product, which, after some rectifications, boils constantly between 141°C, 

and 147°C., is pure bichloride of amylen, C,, Hi, Cle. 
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On analysis, 
I. 0:2866 grms. gave 42-22 per cent. carbon and 7:40 hydrogen. 

II. 0-4279 grms. gave 50-88 per cent. chlorine. 

Cali a LAS Osl Found— 
requires, i Of, 
C= 42:55 42-22 
H= 7-09 7-40 Jas 
Cl= 50°35 Hy 50°88 

99-99 100°50 

The bichloride of amylen is a colourless liquid, of aromatic smell, and sweet 

and camphorous taste. It burns with a smoky flame. Its boiling point is 

between 141°C. and 147°C. Its specific gravity at 9°C. is 1-058. It is insoluble 

in water, but miscible with ether. In alcohol, it dissolves freely on boiling; but 

on cooling an alcoholic solution saturated with the bichloride of amylen, the 

ereater quantity separates out. 

It is evident that, if the recomposition which takes place were a simple trans- 

ference of two equivalents of chlorine from the pentachloride of phosphorus to 

the amylen, the entire product should be a liquid. This is never the case, even 

when a great excess of amylen is employed. 

On the other hand, in the preparation of the bichloride of amylen, if the 

mixed product got by the action of the damp air upon the solid mass be exposed 

for only some hours, and then treated with water, a large quantity of amylen is 

still found in it. 

From these two considerations, it seems probable that the terchloride of phos- 

phorus, which is the supplementary product to the first equivalent of bichloride 

of amylen formed, unites with a second equivalent of amylen to form a solid 

easily decomposable by water, and analogous to the pentachloride of phosphorus, 

P Cl, +2 C,) Hyp=C,, Hy, Cl, +P Cl, C,) Hyo. 

Whether this be the case or not, the bichloride of amylen requires long-protracted 

washing before it ceases to yield acid to the water. 

Binitroxide of Amylen. 

Cio Hi) 2 NO, 

Although the distinction between halogen salts, of which chloride of sodium 
is the prototype, and oxygen salts, of which sulphate of soda may be taken as the 

representative, is a convenient one, the line which separates the two classes has 

always been vague, and is becoming gradually obliterated. The isolation of the 

constituent groups in oxygen salts, supplementary to the metallic base, has contri- 

buted largely to this obliteration. Anhydrous sulphuric acid, peroxide of hydrogen 

and sulphocyanogen stand in the same relation respectively, to sulphite of potash, 

hydrate of potash, and sulphocyanide of potassium, as chlorine does to chloride 

of sodium, 
Na, Gly. 1 S05 Ko HO] Cys; 
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This analogy between the simple and compound halogens is perhaps conserved 

most completely in the case of the nitrates, 

MNO 

Not only is NO, known in the free state; but, like chlorine, it possesses in a high 

degree the power of replacing hydrogen in organic compounds, equivalent for equi- 

valent, giving rise to the endless catalogue of nitro-compounds. In all instances 

is the introduction of NO, analogous to that of chlorine, 

Q,H, + ClCl =Q,, H(,—,) Cl+ HCl 
Q, H, + ONO, =Q, H(,—1)NO,+HO 

*Q,, H, +NO,NO,=Q,, H (,_,) NO,+ HNO,. 

In all cases of nitro-substitution hitherto observed there, is formed some body 

supplementary to the nitro-compound, namely, water or nitrous acid, correspond- 
ing to the hydrochloric acid of the chlorous substitution products, 

This analogy may be carried one step further: just as chlorine may combine 

with an olefine directly, without the liberation of hydrochloric acid, so free NO, 

may combine with an olefine directly, such union being perfectly analogous to 

that effected by chlorine. 

For these reasons we may call NO, “ Nitroxine.”’ Hence the following bodies 

are analogues :— 

4° 

Chlorine. Nitroxine. 

Cl or Cl Cl NO, or NO, NO, 

Nitroxhydrie Acid, Nitrite Chlorhydric Acid. of Hydrogen. 

HCl HNO, 
Hypochlorous Acid. Anhydrous Nitric Acid. 

OCl : 
Bichloride of Olefine. Binitroxide of Olefine. 

ply, Cle C, H, 2NO, 

The Binitroxide of Amylen, C,, H,, 2NO,. 

This remarkable body may be formed in two ways, either by the action of nitric 

acid upon amylen, or by the direct union of nitroxine with amylen. 

At ordinary temperatures, nitric acid is without action upon amylen. At the 

temperature at which nitric acid boils, the action between the two is energetic. 

The difference between the boiling points of nitric acid and amylen involves too 

great a loss of the olefine, if the two be heated together until the nitric acid boils. 

If air be saturated with amylen vapour, by being forced through a series of 

bulbs containing that hydrocarbon, and be then led into boiling nitric acid in such 

a manner that the products of the action may be collected, crystals are found in 

the receiver, which after washing with cold alcohol and recrystallizing from dry 
ether, are pure binitroxide of amylen. 

* TI only find one example of this last recomposition, namely, the formation of nitronapthaline 
by the action of NO, upon napthaline described by Laurent, 

VOL. XXII. PART III. EN 
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I. 0:8680 grms. gave 37-20 per cent. carbon, and 6:24 hydrogen. 
II. 01336 grms. gave 18-04 per cent. nitrogen, 

C,, Hy) 2NO, 
requires, Found— 
C= 37:09 37°20 
e613 6:24 
N=17:28 18:04 

The formation of binitroxide of amylen under these circumstances may be 

explained in two ways,—either there is an initial oxidation of the amylen, the 

nitric acid being thereby reduced to nitric oxide, which joins with the oxygen of 

the air present to form nitroxine. This last thereupon unites with a fresh portion 

of amylen; or the nitric acid, on being boiled, splits up into NO, and O, whereof 

the former unites directly with one portion, while the oxygen goes to oxidize 

another portion of the amylen. Probably both actions are simultaneous, the 

result being the formation of C,, H,, 2NO,, along with another product, containing 

apparently oxide of amyl and nitric acid. 

If the gas obtained by the ignition of well-dried nitrate of lead be passed into 

amylen which is kept quite cold, a rapid absorption results, and crystals of bini- 

troxide of amylen are obtained in great abundance. After washing and recrystal- 

lizing as before, 

0:2682 grms. gave 37:26 per cent. carbon, and 6°51 per cent. hydrogen. 
0°2290 grms, gave 17°66 per cent, nitrogen. 

CH Hane NO; 

requires, Found— 
C=37:09 37°26 
H= 6:18 6°51 
N= 47-26 17:66 

The product, as in the other method of preparation, is mixed with a liquid 

soluble in alcohol, resulting probably in this case from the presence of anhydrous 

nitric acid along with the nitroxine. 

Binitroxide of amylen crystallizes in square and rectangular colourless, trans- 

parent tables, without taste or smell. It decomposes at 95° C. when heated alone, 

giving rise to a gas HNO,, and an oily liquid heavier than water. It is insoluble 

in water, in cold alcohol, and in amylen. It dissolves in hot ether and alcohol; 

also readily in warm glacial acetic acid. Its most convenient solvent, however, is 

chloroform. ‘Thrown upon oil of vitriol it is instantly and violently decomposed, 

a conjugate acid being formed, which forms a soluble salt with baryta. 

The binitroxide of amylen is decomposed in alcoholic solution by caustic 

potash and by sulphide of potassium ; in the former case the binoxide of amylen, 

in the latter the bisulphide of amylen, being formed. Of these, the first will pro- 

bably be soon described by those who are occupying themselves with the biatomic 

alcohols and ethers; the latter has been already described. 
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One of the most noteworthy transformations which this remarkable body 
undergoes, is its conversion into 

The Bicyanide of Amylen, C,, H,) Cy,, 5HO. 

The bicyanide of an olefine is a compound which almost every chemist has 

sought to obtain, on account of the probability of such a body giving rise to an 

acid derivative, analogous to oxalic acid, on treatment with a hydrated alkali, in 

the same manner as cyanide of ethyl, under these circumstances, gives rise to 

propionic acid,* 

C, Hyy1C, N+KO, 83HO=NH, +KO Onyo Hays 0, 
C, H, C, N,+2K0, 6HO=2NH, +2KO 0,4, H,,0 iG 

The bicyanide of amylen is formed in the following manner :—Binitroxide of 

amylen in alcoholic solution is treated with an excess of alcoholic solution of 

cyanide of potassium ; an abundant precipitate is formed, which, after washing and 

drying, is found to be pure nitrate of potash KNO,, or nitroxide of potassium. 

The filtrate from this salt is then evaporated on a water bath, until it becomes 

syrupy. It is then washed repeatedly with small quantities of water, and dried 

in vacuo over sulphuric acid. 

So prepared, the bicyanide of amylen appears as a syrupy liquid, of pleasant — 

smell and bitter taste. 

Submitted to analysis, 

I, 0:2760 grms. gave 9 16 per cent. hydrogen. 
II. 0:3500 grms. gave 9:16 per cent. hydrogen, and 51:26 per cent. carbon. 
III. 0:3079 grms. gave 16-00 per cent. of nitrogen. 

C,, H,, Cy,+5HO Found— 
requires, (i, (2.) (3.) 
C=50'30 nee 51:26 bbe 
H= 8:98 9:16 9-16 she 
N= 16°77 Ae Se 16:00 

The presence of five equivalents of water with the bicyanide of amylen, indi- 

cated by the above analysis, might appear an accident. Analyses (1.) and (2.) 

were of the same preparation, but exposed im vacuo for different lengths of time. 

Analysis (3.) was of a fresh preparation. 

The five equivalents of water may be fairly compared to water of crystalliza- 

tion of solid salts—(1.) Because, as will be afterwards shown, an anhydrous 

bicyanide of amylen exists; (2.) because the penthydrate of the cyanide is decom- 

posed on heating, giving off water; (3.) because four equivalents of water are 

* Dr M. Simpson has already announced the formation of bicyanide of ethylen, and the deriva- 
tion therefrom of succinic acid. 
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essential to the recomposition pointed out above; where, besides the two equiva- 

lents of water of the hydrate of potash, four others are necessary. 

The penthydrated bicyanide of amylen is soluble to a considerable extent in 

water; it mixes with alcohol and ether. Under certain conditions, it enjoys basic 

properties. 

As before indicated, one would expect that, on boiling with an aqueous solu- 

tion of caustic potash, ammonia would be formed, and pinelate of potash 

generated,— 

C,, H,, Cy, +2K0, 6HO=2KO C,, H,, 0,+2NH, 

The discussion of the actual recomposition which takes place must be reserved 

for a subsequent communication. 

The Bichloride of Amylen. 

The relation between amylen, amyl, and hydride of amyl, and nitroxide of 

amyl, 

COREE PIP gene Mies ORES IRR TEC 10 10 H 10 Ho, Cj aoe Oa 10 

induced me to try the action of nitroxine upon the second and fourth, in the 

expectation of some such body as the binitroxide of amylen resulting. In both 

cases the result was negative. 

Connected with the binitroxide of amylen, are the bodies produced by the 

action of nitric acid on the bisulphochloride of amylen. Such action is twofold. 

The first stage seems to be a nitroxine replacement; the second, a more precise 

oxidizing action. The result of the first is the formation of a neutral insoluble 

body containing NO,; that of the second, the production of a peculiar acid, con- 

taining sulphur, carbon, and hydrogen, but neither chlorine nor nitrogen. This 

has not been further examined. The latter of these two stages is naturally accom- 

panied by the separation of hydrochloric acid; sulphuric acid is also formed, 

together with the ultimate product of the oxidation of the carbon, namely, oxalic 

acid. In tracing so complicated a reaction, it was necessary to employ a some- 
what large quantity. 

Nitrosulphide of Nitroxamylen, C,, be SNO, 
4 

Twenty grammes of the bisulphochloride were treated, in a retort having a 

well-cooled condenser, with a large excess of nitric acid. On applying a gentle 

heat, copious fumes were evolved of nitric oxide, and these collected in the con- 

denser, along with an acid distillate, a large quantity of a heavy liquid unmixable 

with it. This, after washing and drying, showed the following composition :— 
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I. 0:2579 grms. gave 34°82 per cent. carbon, and 4:82 hydrogen. 
ITI, 0:2620 grms. gave 34:26 per cent. carbon, and 5:25 hydrogen. 

III, 0:1838 grms, gave 9°39 sulphur. 

C,, H, 2 (NO,) 8 Found— 
requires, Te LL, III. 
C =33°89 34°82 34:26 ae 
H= 5:08 4:82 5°25 Eee 
S= 9:04 ‘ ase 9°39 

The body contained no chlorine, but abundance of nitrogen. 

Writing, as before, the bisulphochloride of amylen 

8 
10 §Cl, 

we may suppose that the nitric acid replaces one equivalent of hydrogen and one 
of C1 S by nitroxine, giving rise to the body 

H, 8 
10 NO, NO, 

In fact, a similar phenomenon is here presented as was observed in studying 

the action of the same body upon chlorine,—that is, the group S Cl is, under both 
circumstances, more easily replaced than the remaining equivalent of sulphur. 

. The body formed by the action of nitric acid upon the bisulphochloride of 

amylen is therefore, according to the previously adopted nomenclature, the 

nitrosulphide of nitramylen, or, according to analogies already pointed out, the 

sulphide of binitramyl. It is a green, viscous liquid. It mixes with ether 

and strong alcohol, but is insoluble in water. Its taste is remarkably bitter and | 

alliaceous, producing nausea. 

They who have had occasion to prepare the organothionic acids, got by the 

action of nitric acid upon the various organic sulphides or sulphocyanides will 

have noticed that, before complete reaction,—that is, before the conversion of the 

whole of the substance acted upon by the nitric acid into the organothionic acid 

soluble in water,—it is generally possible, by arresting the action with water, to 

procure a liquid insoluble in and heavier than water, although the original 

organic body itself be lighter than that liquid. Such bodies do not appear to 

have been further examined, owing, probably, to the uncertainty as to whether 

an integral reaction has occurred, and the probability of the product being a 

mixture, the separation of whose constituents would present great difficulties. 

Bearing, however, in mind the analogies already pointed out between the chlorine 

substitution products of bisulphide of ethyl, bisulphochloride of chlorethylen, and 

bisulphochloride of ethylen, it seems highly probable that the bodies in ques- 

tion are analogous with the nitrosulphide of nitramylen. 

C,, H 

C 

The Synthesis of Ginanthyl. 

The construction of isotypic series in organic chemistry, which has proved of 

such great worth in classifying known bodies, and in indicating the possible 
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existence of yet undiscovered ones, confers an unique importance on the study of 
the olefines; for the latter bodies stand in much the same relation to many such 
Series as does the ‘‘common difference ” to an arithmetical one. 

A common difference, whose successive chemical additions to any one term of 

such a series would yield, theoretically, every higher successive term, is methylen 

C, He. 

According to some chemists, methylen has been obtained ; according to others, 

its existence is possible, although never obtained; while, in the eyes of a third 

class, its existence is an impossibility. Up to the present time it is perhaps 

safe to assume that this hydrocarbon has not been prepared in the pure state. 

Although, if we had only one term of such a series from which to start, the 

existence of methylen would be necessary and sufficient for the theoretical solu- 

tion of the problem of the successive syntheses of the following terms in the 

manner above indicated, any multiple of methylen would furnish the means of 

forming successive terms, situated from one another at intervals of the magnitude 

of the hydrocarbon employed. 

In general terms,—If C,, H,, Q be the formula of the starting term, where Q 

denotes the whole of whatever constituents are present besides C,, H,, then, by 

means of methylen, we may get, in succession, 

OHeig of, ynliioden we robin) 
ey a rt aaa OE BN 
real tae eats URIS SV aa al pe 
Gap Ca Hu, ele ul oldiuiooatad rg) 
Bed. Gt Be eens se Se ee 

we. 

But if the difference be ethylen, we can only form every alternate term — 

Gr Hi AOds cnatinaey Gio kee a 

ct i Crts Ant, Q. = fs Bu 7 (3) 

tt Cntg Hts Bey iica hee eeeticiae (), 
&c. 

With propylen, every third term; and so on. 

Further, it is clear that, supposing we have ethylen as the common dif- 

ference, we can fill up the entire series provided we have two starting points 

which differ by methylen— 

C,H C,H, Q (1) C,H, Crto Ht @ (2) 
COME Crt, Hnty (3) CH Cn+¢ Hm+, (4) 

t 4 Cntg Hats Q (5) ams Cnts Hints (8) 
c c. 

in which the two series, derived from the two initial terms, are supplementary 
of one another. 

Again, if we had only propylen at our disposal as a difference, we could still 

complete the series provided we had éhree consecutive starting terms. And so, 

mutatis mutandis, for the other limitations. 
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It will be shown that, with regard to certain alcohols of the formula 

C,, H,,4. O., and their derivatives, the above scheme is not merely a representa- 

tion of an arithmetical possibility, but is the general expression of the result of a 

series of chemical phenomena, and that we are in possession of the means of 

deriving many of the higher alcohols from the lower ones by the introduction of 
olefines of the form C,, H.,,. 

I confine myself at present to the solution of the following problem :—To 

obtain a compound of zenanthyl! from vinic alcohol and amylen. 

The key to the solution of this problem is furnished by the facility with 

which the bisulphochloride of amylen parts with its chlorine, and the firmness 

with which it retains its sulphur. We have, in fact, seen numerous examples of 

the exchange of the chlorine in this body for other simple or compound halogens, 

as oxygen, peroxide of hydrogen, cyanogen, sulphocyanogen, &c., by the action 

of the corresponding compounds of the metals upon the bisulphochloride of 

amylen. 

In zinc-ethyl, the ethyl is certainly the halogen; hence we may anticipate the 

reaction which in fact takes place between zinc-ethyl and the bisulphochloride of 

amylen—namely, the replacement of the chlorine in the latter body by the ethyl 
of the former. 

C, H, Zn+C,, H,, 8, Cl=C,, H,, S, C, H,+Zn Cl. 

Bisulphochloride of amylen and an ethereal solution of zinc-ethyl mix with _ 

one another in all proportions, giving a clear, light yellow product. Such a 

mixture, however, unless one or other of the constituents is present in very great 

excess, becomes hot after standing a few minutes; and unless ether be present 

to cool the liquid by its evaporation, a dangerous projection of zinc-ethyl may 

result. It is difficult to regulate the action by cooling from without. I have 

found the following the most convenient process :— 

Three ounces of bisulphochloride of amylen are placed in a flask, having a 

doubly bored cork. Through one hole passes the zinc-ethyl delivery tube from the 

copper digester ; the other holds a tube, which is bent down into a large narrow- 

mouthed bottle, containing a few drops of ether. The charge of iodide of ethyl 

for the above quantity of bisulphochloride of amylen should be about five ounces. 

This is mixed, as usual, with its own volume of dry ether. If these proportions 

are observed, the zinc-ethyl formed will be in excess. The charge of zinc-ethyl 

is distilled off in about six hours, and the recipient containing the bisulphochloride 

is not artificially cooled. 

The product is found to consist of two layers,—the lower, a dark-brown slug- 
gish mass, almost solid when cold, contains the chloride of zinc ; the upper, which 

is of a light-yellow colour, contains the bisulphide of ethyl-amylen (or bisulphide 

of cenanthyl), along with ether, and the excess of zinc-ethyl. 
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The upper layer is poured into water, whereon the zinc-ethyl is decomposed, 
and the alcohol formed is dissolved, while the precipitated oxide of zinc carries 
with it most of the bisulphide of cenanthyl, either in a purely mechanical manner, 
or in astate of the feeblest union. The pale-yellow mass so obtained is drained on 
awet filter, then boiled and exhausted with strong alcohol. This gives an alco- 
holic solution (@) of bisulphide of cenanthyl, and an insoluble residue, consisting 
of pure oxide of zinc. 

The lower layer* is also treated with water, whereupon chloride of zinc is 

dissolved out, and a liquid separates. The latter is dissolved in alcohol, and added 

to the solution a. 

The mixed alcoholic solution is then heated in a water-bath, until most of the 

alcohol is expelled. Finally, it is washed with water, and dried over chloride of 

calcium and a few fragments of caustic potash. 

On distillation, a few drops pass over about 140° C.; this is probably a little 
bisulphide of ethyl. 

The great bulk passes over at 240° to 250°C. On rectification, its boiling point 

is nearly constant at 243° C.}+ A slight residue is formed on each distillation. 
On analysis,— 

(1.) 0-2730 grms. gave 65°31 per cent. of C., and 11-22 of H. 
(2.) 0:4122 grms, gave 65:42 per cent. of C., and 11:26 of H. 
(3.) 0°4186 grms. gave 23-72 per cent. of S. 

Ci, na le S, Found— 

requires, 1. Er. III. 
C= 64:12 65°31 65:42 65°36 | yy 
H=11-46 11-22 11:26 hess eve 
S=24-42 ii Hi 23°72 

100-00 100-32 

The rather large excess in the carbon, and the defect in the sulphur, are per- 

haps owing to the presence of some monosulphide of cenanthyl. The bisulphide 

of cenanthy]l is a light-yellow liquid, of perfect limpidity. Its smell is exceedingly 

offensive. It is quite insoluble in water, but readily soluble in ether and alcohol. 

Towards the oxides of lead and mercury it shows perfect indifference. 

The so perfect reactional analogy between the bisulphochlorides of ethylen and 

of amylen, which I have had the honour of pointing out, and the perhaps equally 

well-established resemblance between the compounds of methyl, ethyl, and amyl 

* The physical properties of this body, and the large quantity of liquid which water separates 
from it, seem to point to its being a compound of chloride of zinc, with bisulphide of cenanthyl. 

+ Bisulphide of ethyl boils circa 150° C. If Kopr’s law hold good, a successive increment of 
19° C. for every C, H, would point to 245° C. as the boiling point of bisulphide of enanthyl, But 
in the cases of other bisulphides, a common increment of 33 would more nearly represent experi- 
mental results. Hence it is possible that this substance may only be an isomer of bisulphide of 
cenanthyl. 

= i ear oe ee 
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with zinc, place beyond doubt the possibility of the construction of various other 

compounds of the higher alcohol radicals from compounds of the lower ones. 

From the bisulphochloride of ethylen on the one hand, and zinc-methyl and 

zinc-ethyl on the other, we may confidently expect to obtain the bisulphides of 

all the radicals of the form C,, H,,4, above the bisulphide of propyl, inclusive: 

while the formation of the corresponding alcohols from the bisulphides of the 

radicals may be a matter of labour, but cannot be one of uncertainty. 

So far my examination of the behaviour of the olefines to compound chemico- 
negative groups has led to the formation of the following bodies :— 

From Ethylen, ©, Hy. 

S, Cl Bisulphochloride of ethylen. 
S, Cl, Bichlorosulphide of ethylen. 
S Cl, Chlorosulphide of bichlorethylen. 

4H, S Cl, Sulphide of terchlorethyl. 
H, 8, OHO, Hydrated bisulphoxide of ethylen. 

From Amylen C,) H,). 

S, Cl Bisulphochloride of amylen. 
S, Cl, Bichlorosulphide of amylen. 
S Cl, Chlorosulphide of terchloramylen. 
Ss 
Ss 

a A 

i 4 

eeaa 
oo Oo 

i f=} 
O Bisulphoxide of amylen. 

» 52 OHO Hydrated bisulphoxide of amylen. 
S, Bisulphide of fusyl. 
S, Bisulphide of amylen. 
Cl, Bichloride of amylen. 

8 
bot fot bE bt lo 

~ So 

Cy, 5HO Penthydrated bicyanide of amylen. 
Cy Bithiocyanide of amylen. 
Cy S, Bithiasulphocyanide of amylen. 
NO,) Binitroxide of amylen. 
C, H, Bisulphide of cenanthyl. 

ee oo 

PCV (Sel (ee) 

ee oo 

— 

br fr aQ re Mw mM 
ad ~) 

2 o 

In the foregoing pages, I have been induced to employ some expressions which 

may need a word of explanation. 

The term 7ecomposition has been often used in place of decomposition. When 

the reaction which ensues between bodies is unaccompanied by the destruction 

of their form or type, the change may be more fitly called a recomposition than a 

decomposition. The latter word is suggestive of a degeneration, which the former 

word avoids, and the idea of which is in such cases out of place. Recomposition 

corresponds more nearly to the happier German term “ Umsetzung,” as dis- 

tinguished from “ Zersetzung.” 

Isotype, idiotype, isotypic, idiotypic. A body is anisotype of another, or isotypic 

with it, when the two are built on similar types. Thus, the fatty acids are iso- 

types. Idiotypic are bodies which are built on the same type. Thus all elemen- 

tary replacement derivatives of a body are its idiotypes, or are idiotypic with it. 
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Consequently, the isotypes and idiotypes of one and the same body are related to 
one another as an atom complex is to an atom simple. 

Certain of the bodies were procured in too small a quantity for their specific 

gravities to be taken in the ordinary method. When this was the case, and the 

substances were insoluble in water, a solution of nitrate of ammonia, or of chloride 

of calcium was so graduated by water, that a drop of the liquid under examina- 

tion remained in indifferent equilibrium in the saline solution. The specific 

gravity of the saline solution is then taken in the ordinary manner, and is of 
course identical with that of the liquid examined. 

I allow myself, in conclusion, to express a regret, that circumstances have 

prevented me from offering my results to the Society in a more elaborated form. 

I shall take the earliest opportunity of prosecuting this direction of research. 

Meanwhile, let me offer my thanks to Professor Roscor of Manchester, and Dr 

Prayrair of Edinburgh, for having allowed me to carry on my experiments in 

their laboratories. To Professor KoLBe in Marburg I am also indebted, for having 
on all occasions, placed the resources of his laboratory at my disposal. 

Eprinsuren University Laporarory, 

March 1861. 
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XXIX.—On the Chronology of the Trap-Rocks of Scotland. By ARCHIBALD 

GEIKIE, Esq., F.G.S. (One Plate, XX XVIII.) 

(Read 19th March 1860, and 15th April 1861.) 

In the Geology of Scotland, no feature comes at once more prominently before 

the observer than the number and variety of the trap-rocks.* From the Sheant 

Isles to the Cheviot Hills the map is dotted over with trappean patches, which 

occur sometimes as long, narrow dykes, and often as irregular sheets, that extend 

almost over entire counties. The appearance of the rocks on the face of the 

country is scarcely less marked than on the map, and to their ever-changing 

varieties, we owe not a little of the characteristic scenery of Scotland. Through- 

out the wilds of the Inner Hebrides it is the trap-rocks which form many of the 

precipitous cliff-lines, and the craggy irregular hills. The soft pastoral valleys of 

the Ochils and the Pentlands lie among trappean rocks, while the hill-ranges, 

which break up the great central valley of Scotland, more especially the abrupt 

solitary crags that form such prominent landmarks, owe their existence to the 

permanence of the trap-rocks of which they consist. In short, there is no group: 

of rocks more constantly found throughout the length and breadth of the island, 

and none, therefore, which so frequently obtrudes on the geologist or more im- 

peratively demands his attention. 

Definition and Classification of Trap-Rocks. 

Under the designation of trap are included, in this communication, all the 

igneous rocks of the country which do not fall within the limits of the granite 

family ; excluding, however, at least in the meantime, such rocks as the hypers- 

thene of Skye, which I have long suspected to be metamorphic. The usual classi- 

fication of trap-rocks is according to their mineralogical characters. But in 

unravelling the structure of a trappean region, such a classification will be found 

in many cases insufficient. It is the great province of the geologist to determine 

the succession in time of the materials with which he deals. His terms are, for 

the most part, either founded on this chronological order, or are virtually referred 

to it, whatever be their real import. By Oolite, for example, he means not neces- 

sarily a roe-like stratum, but a series of strata, whether roe-like or not, possessing a 

* The word trap is here used in a generic, not in a specific sense. It includes greenstones, basalts, 
felstones, ashes, &c.; in short, all the truly igneous rocks of former geological periods, whether volcanic 
(erupted at the surface) or intruded as dykes and irregular masses into other rocks. Granite, ser- 
pentine, and the granitoid porphyries I regard as not truly igneous, and they are therefore excluded. 
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certain organic type, and referable to a certain place in the scale of geological time. 

Hence, too, when he comes to a district abounding in igneous rocks, he often 

finds it insufficient to separate them out into augitic, or felspathic, or hornblendic, 

as the case may be, for such a subdivision tells nothing of the relations in time 

of these rocks, to the stratified deposits with which they are associated. Over 

and above this mineralogical distribution, another must be adopted, which shall 

enable him, as far as possible, to throw each igneous mass into its true chronolo- 

gical place, that in this way the succession of events in the geological history of 

the district may be clearly and methodically detailed. 

In carrying on a detailed examination of the trap-rocks throughout a consider- 

able part of the country, [ have found by much the best classification for practice 

in the field to be that adopted by the Geological Survey throughout the trappean 

region of Wales. There the traps were divided into,—1s¢, Felspathic ash and ashy 

sandstones, and slates; 2d, Interbedded felspathic rocks; 3d, Intrusive felspathic 

rocks; and, 4¢, Greenstones and basalts. In extending this Welsh type into 

Scotland, it is necessary to subdivide the greenstones and basalts, as the felstones 

were subdivided, into two groups—interbedded and intrusive. The arrangement 

is thus exceedingly simple. There are, jirst, the ashy rocks, as to the origin and 

age of which we can seldom be at a loss, and which can be modified in the 

colouring of the map according to their composition. Then come the two great 

groups of the melted traps,—the felspathic and the augitic or hornblendic. The 

former are arranged, according to their mode of occurrence (which points of course 

to their relative age), into interbedded or contemporaneous, and intrusive or subse- 

sequent felstones. The latter group is similarly classified into ¢nterbedded or con- 

temporancous, and intrusive or subsequent greenstones and basalts.* 

It may be well to state here very briefly, the characters on which this classi- 

fication rests. ‘lt heashes, representing showers of volcanic dust and cinders which 

settled down upon the sea-bottom, or on the surface of the land in more or less 

stratified layers, yield by much the clearest evidence as to the age of any igneous 

eruption, inasmuch as their position in a series of rocks marks the relative date of 

their production precisely, as though they were beds of sandstone or limestone, 

while, in addition to this, they in many cases, contain fossil remains, both 

vegetable and animal, which still further contribute to define their geological 

horizon. 

The truly interbedded melted traps are regarded as contemporaneous, that is, 

of the same age as the strata among which they lie as interstratified conformable 

* In the colouring of the maps of the Geological Survey, this arrangement is followed, by using 
crimson for the augitic, and a brighter red for the felspathic traps. The dark shade of each colour 
marks the intrusive masses, while the lighter shade is used for the interbedded sheets. The age 
of the latter, as well as of the ash-beds, is always shown by the geological position of the strata 
with which they are associated. 
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beds. The ground of this conclusion is, that the stratum on which a bedded trap 

rests may be more or less altered, while that which covers it shows no sign of 

alteration, but reposes undisturbed on the upper surface of the trap, of which it 

sometimes contains pebbles, and to which it must therefore be posterior. 

The intrusive trap-rocks occur sometimes as apparently conformable beds, 

sometimes as amorphous masses, and frequently as vertical walls or dykes. In 

all cases they alter the contiguous surfaces of the rocks through which they pass, 

so that, even though they appear as bedded masses, their true intrusive character 

is made evident by the metamorphism which they have produced on the under 

surface of the strata which cover them. They are accordingly always subse- 

quent to the rocks with which they are associated; and though they of them- 

selves afford no test of their age, it can sometimes be approximately reached by 

an examination of the surrounding country. This classification of the trap- 

rocks is an eminently geological one, and as such depends for its extension 

to all the trappean districts of the country,—not upon the identification of the 

mineralogical similarity of the rocks, but upon a large and thorough survey of 

their geological relations. Since, therefore, the trap family plays so important 

a part in the geology of Scotland, it becomes of the highest importance to ascer- 

tain how far these rocks are referable to distinct geological periods. No geolo- 

gical map of the country can be considered complete which does not indicate in 

some way the horizons of its igneous rocks. This is a task, however, which still 

remains to be done; and the present paper, containing the results of about five 

years’ labour in various trappean districts of Scotland, must be regarded as 

merely a preliminary outline of the work that has to be performed before we 

can regard the history of igneous action in the country as in any way complete. 

I shall place here in order examples of trappean districts of successive ages, and 

show how their geology may be satisfactorily worked out, while I hope from time 

to time to be able to lay before the Society other instances, extending our know- 

ledge of the chronology of the trap-rocks of Scotland. 

Trap-rocks of Scotland of Different Ages. 

It is well-known that the trap-rocks of Scotland are of various ages,—that 

some, as those of the Sidlaw Hills, are intercalated in the Old Red Sandstone; 

that a large number are Carboniferous; that some are probably Oolitic; and 

that others are without doubt Tertiary. At the same time, it would not impro- 

bably be correct to say, that of by much the larger part of the trappean hills of 

the country little further is known than that they are trappean. Their age, 

the details of their structure, their inter-connection with each other, and their 

relations to the stratified rocks among which they occur, are subjects in which 

almost nothing has been done. SBy far the most philosophical account of any 

of the Scottish traps was that given of Arthur’s Seat and Pentland Hills by 
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Mr MacLaren upwards of twenty years ago,* and his work will ever rank among 

the classics of British geology. Much, undoubtedly, has been done in the mine- 

ralogy of the trap-rocks, as the works of JamEson, Boun, MaccuLuocn, and others 

sufficiently show; but in the department of trappean geology the labourers 

have been comparatively few. A wide and well-nigh untrodden field of research 

thus lies open, than which no other branch of physical geology in Scotland will 

yield a richer harvest of results. 

Traces of Trappean Rocks among Lower Silurian Strata. 

The metamorphic rocks which constitute the Scottish Highlands, though 

abounding in granites, syenites, porphyries, serpentines, and other so-called 

igneous rocks, do not appear to show any evidence of truly interbedded trap- 

rocks. If any such originally existed, they must have suffered from the meta- 

morphic action which has produced the gneiss and schists of the Highlands, 

and which would undoubtedly impart to any lava-form rock a new and very 

different lithological character. It seems vain, therefore, to hope for the dis- 

covery of igneous rocks ejected over the area of the Highlands during the deposi- 

tion of the strata which are now visible as gneiss and schist. 

It is otherwise, however, with the equivalents of these strata in the south of 

Scotland. There the greywacke and slate are comparatively little altered ; and we 

may reasonably hope yet to detect amongst them traces of contemporaneous vol- 

canic action. Throughout the lower Silurian grits and conglomerate bands of the 

Lammermuir Hills, felspathic material is especially abundant. I do not refer to 

the dykes and masses of felstone by which these strata are everywhere traversed, 

but to the material of which the strata are themselves composed, and which, of 

course, points to the existence of rocks at or near the sea-level, when the grits 

and shales of the Lammermuirs were deposited. Many of the grits consist of a 

yellow felspathic paste, with small rounded grains of quartz. Such beds scarcely 

differ from certain Old Red grits among the Pentland Hills, which lie upon and 

have been formed out of yellow felstones. It seems probable, therefore, that some 

of the currents which deposited sediment across the site of the Lammermuirs 

came from a region where felspathic trap abounded, similar, apparently, to part 

of what at the present day forms the chain of the Pentlands. Pebbles of various 

felstones are likewise of frequent occurrence among the thin conglomerate bands 

intercalated in the Lammermuir grits. It may be mentioned, in passing, that 

these features are not confined to the low place in the Silurian series represented 

by the grits of Berwickshire. I have traced the same admixture of felspathic 

matter in the grits and conglomerate bands throughout the entire thickness of 

the Lammermuir series, and across into the grits of the Pentland Hills, which an 

* Geology of Fife and the Lothians. Edinburgh, 1839. 
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abundant suite of fossils, lately detected by the Geological Survey, has shown to 

be on the parallel of the Ludlow Rock. We cannot, of course, from such evi 

dence, decide upon the actual eruption of volcanic matter during the Lower 

Silurian period in Scotland, though, considering the great volcanic activity at 

that time manifested in North Wales, such eruption seems highly probable. 

Future labours in the great Silurian region of the south of Scotland will doubtless 

clear up this interesting question. In the meantime we have evidence that, 

whether erupted then or previously, there were at that time felstones in suffi- 

cient abundance to contribute, by their drifted debris, a marked feature to many 
of the grits and conglomerates throughout a large part of the Silurian district of 

South Scotland, from Berwickshire to the borders of Lanark. 

Traps of Upper Silurian (?) and Lower or Middle Old Red Sandstone. 

The junction of Lower and Upper Silurian strata in Southern Scotland has still 

to be traced. That it will be found to exist as an unconformity seems probable, 

though it is impossible at present to conjecture whether or not the unconformity 

is a violent one, and what amount of denudation the older series underwent 

before the deposition of the newer. If it be shown that the amount of the dis- 

turbance prior to the Upper Silurian was great, then we may perhaps refer to 

this period of movement part at least of the igneous rocks by which the lower 

Silurian region is intersected. At the same time, it must be borne in mind that 

felspathic dykes occur abundantly in the Upper Silurian and lower Old Red Sand- 

stone series of Lanark and Ayrshire; and as these strata are often much tilted 

and broken, we shall probably not err in referring the igneous protrusions to the 

period of disturbance. It is quite possible, therefore, that the igneous rocks 

which so diversify the otherwise monotonous geology of Southern Scotland may 

be of two ages, one during the uptilting of the Lower Silurian, the other during 

that of the Upper Silurian and Lower Old Red Sandstone. At present I can deter- 

mine only the latter series, and I shall present here the proofs on which this 

determination rests.* 

The great Silurian tract which extends from St Abb’s Head to Portpatrick 

consists, as is well known, of flexured grits and slates, often much shattered and 

broken, and almost everywhere traversed by dykes of various felstones, and 

* Since the earlier part of this paper was written, I have had an opportunity of examining the 
geology of the east part of Berwickshire ; especially the great ashy series in the neighbourhood of 
Reston, and along the coast from near Coldingham to Eyemouth. The structure of this region is 
often very obscure. It is possible that some of the felspathic conglomerates of the Ale Water may 
belong to the Lower Silurian series, but the greater part, if not the whole, of the ashy rocks of this 
district must, I think, be regarded as of Lower Old Red Sandstone age. Near the village of Reston 
I have found, in some shales in the ashy strata, remains of plants and broken crustacean frag- 
ments, which my colleague, Mr Salter, is inclined to consider as belonging to the Pterygotus. These 
strata are covered unconformably by the Upper Old Red Sandstone. 
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- 

638 MR ARCHIBALD GEIKIE ON THE CHRONOLOGY 

sometimes by masses of syenite or granite. While conducting the Geological 

Survey of the Lammermuir Hills during the summer of 1859, the number of these 

igneous protrusions astonished me. In nearly every glen I found the Silurian 

strata traversed by dykes, sometimes very small, and never very large, except in 

one or two instances. In some localities, indeed, the vertical grits and hardened 

shales seemed riddled, as it were, with interjected veins, and these, as a general 
rule, were observed to occur sporadically,—so much so, that when, after passing 

over a space free from dykes, | at last came upon one or two together, it could 

generally be predicted that a congregated group of veins and irregular knobs 

would be found in close proximity. 

All these igneous rocks are intrusive ; and in noting their varieties of colour 

and composition, their vast numbers, and their multiform intersections through 

the Silurian strata, I could not but wish to obtain, if possible, some clue to their 

date. For this purpose I examined the conglomerates of the Upper Old Red series, 

by which the Silurian strata of this region are unconformably covered. It re- 

quired no long or careful search to discover among the rounded and subangular 

fragments of these conglomerates abundance of felspathic pebbles, often of con- 
siderable size, and plainly referable to the numerous dykes of the neighbourhood. 

Hence it became evident that the igneous rocks in question were older than the 

Upper Old Red Sandstone. And this conclusion received further confirmation 

from the fact that, though the Silurians are everywhere intersected by felspathic 

dykes, such dykes do not penetrate into the overlying Old Red Sandstone. After 

a survey of the whole of Lammermuir, I have discovered only four trifling 

felstone dykes among the Old Red Sandstone strata, while, in the Silurian grits 

and shales immediately adjoining, they may be counted by the score and the 

hundred. There could be no doubt, therefore, that the felspathic porphyries of 

Lammermuir date anterior to the deposition of the Upper Old Red Sandstone, and 

posterior to that of the Lower Silurian. The interval between these two forma- 

tions was very great. It seemed possible, however, to define the age of the dykes 

more closely. 

With this aim I sought, as a preliminary step, to connect the Old Red Sand- 

stone of Lammermuir with the same formation in other parts of South Scotland, 

and to determine how far the Upper Old Red Sandstone descended in regular 

sequence towards the Silurian system. The district selected as best calculated to 

throw light upon the matter was the neighbourhood of Lesmahagow, along the 

borders of Lanark and Ayrshire. 

The results of this examination I have described in a paper read before the 

Geological Society, 18th January 1860.* They may be briefly summed up in the 

statement that the Upper Silurian and Lower Old Red Sandstone, which form one 

* See Quart, Jour. Geol. Soc., vol. xvi. p. 312, 
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consecutive series, are overlaid unconformably by the Carboniferous Limestone 

series, and that the same unconformity extends eastward between the Upper Old 

Red Sandstone and the lower member of that formation. The Carboniferous and 

Upper Old Red Sandstones form, therefore, one great physical series, and the Lower 

Old Red Sandstone and the Upper Silurian form another, while between the two 

conjoint groups there occurs a marked physical break. This new fact in Scottish 

geology is fraught with interest when viewed in connection with the intrusive 

rocks of the Silurian region. 

The Silurian shales and Lower Old Red Sandstones of Lesmahagow are traversed 

by numerous dykes and masses of porphyritic felstone. These do not extend 

into the overlying Carboniferous strata, but are covered unconformably by them. 

They must therefore be later than the Lower Old Red Sandstone, and earlier than 

the Carboniferous Limestone. There can be little doubt that these igneous rocks, 

though probably not themselves the agents in tilting and shattering the strata 

among which they occur, nevertheless were ejected during a period of movement 

and disturbance. The structure of the Pentland Hills showed me very clearly 

that the great tilting of the Lower Old Red Sandstone in South Scotland had 

taken place before the deposition of the upper member of that formation; and 

the inference is probably not too hasty that the Lesmahagow felstones may have 

been produced during this period of subterranean movement, and that they must 

consequently be of an age intermediate between the Lower and the Upper Old 

Red Sandstone.* 

From this region as a base line, and with this definite date, the igneous geo- 

logy of the southern part of the island may perhaps be eventually worked out. 

We have here the clue to the history of that great series of felspathic rocks which 

traverse the higher part of Lanarkshire, and rise into such bold hills as Tinto. 

They are all probably of Lower or Middle Old Red Sandstone age, and it is not 

improbable that intercalated sheets of ash and sandstone may occur, especially 

towards the north-east, linking in this way the intrusive felstones of Lanark and 

Ayrshire, with the Upper Old Red interbedded sheets of the Pentland Hills. 

To return to the Lammermuir region. The examination of the geology of Les- 

mahagow, though revealing many new facts in the igneous history of the country, 

did not directly throw any light on the date of the Lammermuir dykes. The evi- 

dence at present is briefly this:—We find the south of Scotland traversed by vast 

numbers of felspathic masses; some of these are of Old Red Sandstone age, and 

were thrown up during a tilting of the Lower Old Red Sandstone and older beds; 

others may possibly be older still, and may mark another period of subterranean 

movement anterior to the Upper Silurian. The district which promises best to 

* How far the Middle Old Red is represented in the great series of purplish sandstones of Lanark- 
shire cannot at present be determined. It would probably be nearest the truth, however, to regard 
these felspathic dykes as of Middle Old Red Sandstone age. 
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clear up the relations of the Upper and Lower Silurian series and their igneous rocks 

is that which lies between West Linton, in Peebleshire, and the town of Lanark, 

and stretches southward to the flanks of the Silurian hills. When that district is 

worked out we shall probably know whether the felstones of the south of Scot- 

land are referable to two separate periods of movement as I have suggested, or 

should be classed with the Old Red Sandstone igneous rocks of Lanark and Ayr- 

shire. In the meantime, there is no direct evidence in Scotland of igneous action 

during the upper Silurian period. The oldest Scottish trappean rocks now visible 

at the surface, and of which the geological date is certainly known, belong to 

the Old Red Sandstone period ; although it may be possible to prove that part 

at least of the felspathic protrusions in the great Silurian region of the south 

were produced during or even previous to the Upper Silurian period. 

The era of the Old Red Sandstone, almost from its commencement to its close, 

was characterised in Scotland by the frequency and magnitude of its igneous erup- 

tions. Throughout the southern part of the country, as already remarked, there 

is proof, that after the accumulation of the lower, and it may be of the middle 

zone of that formation, a marked, and occasionally even a violent, tilting of the 

strata took place. This movement seems to have been accompanied by the extru- 

sion of much igneous matter in the form of veins, dykes, and amorphous masses. 

Such are the rocks in the neighbourhood of Lesmahagow, and they not improbably 

occur over a wide stretch of country. These felspathic rocks may have been 

produced at some depth below the surface, and facts are not wanting to lead one 

to suspect that in not a few instances they are the results rather of a metamor- 

phism of the adjacent rocks, than of actual protrusion from an independent mass 

of melted matter below. Be this, however, as it may, the date of their production 

is clearly fixed as intermediate between the Lower and the Upper Old Red Sand- 

stone. 

Viewing these felspathic protrusions of the south of Scotland as a whole, one 

cannot fail to be struck by the evidence of their comparatively deep-seated 

origin. There may have been instances over that wide area where the igneous 

forces found a vent for themselves at the surface, and poured out these melted 

rocks and ashy ejections. The Cheviot Hills, and one or two groups of minor 

eminences in the south-west of Berwickshire, may possibly have had such an 

origin. But the immense numbers of dykes and veins of felstone that traverse 

the Lower Silurian and Lower Old Red Sandstone districts of the south of Scot- 

land, must undoubtedly be regarded as having been protruded and cooled, not at 

the surface, but at a considerable depth below it. 

When we pass to the north side of the great Carboniferous belt that bisects 

the island, we find abundant evidence that the same powerful igneous action 

which characterised the southern part of the country also exhibited itself 

north of the Forth in great activity, during the Lower Old Red Sandstone period. 
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We there meet with lava streams and thick bands of interstratified ash and con- 

glomerate, forming sometimes long chains of hills, and showing that the igneous 

forces not only existed below, as they did in the south, but that they continued 

to operate at the surface during a long geological period. The Sidlaw Hills, and 

the chain of heights cut through by the Tay at Perth, are illustrations of the 

character and extent of these ancient volcanic eruptions. 

There is one characteristic section, hitherto (so far as I am aware) undescribed, 

laid open by the railway, about a mile south of Dunkeld. It shows the great 

difference lithologically between the felspathic rocks of the Highland region and 

those ejected contemporaneously with the deposition of the Lower Old Red Sand- 

stone of Perthshire. During the greater part of last summer I was engaged, along 

with Sir R. I. Murcuison, examining the crystalline metamorphic rocks of the 

Highlands, and devoted particular care to the discrimination of the various granites, 

granulites, syenites, porphyries, and felstones, which occur in that excessively 

altered region. Returning southward by Dunkeld, we visited the railway cutting 

there, beginning near the south end and walking northwards to the town. The 

first rock which met us was a pebbly conglomerate, which I was surprised to 

find consisted almost wholly of felspathic fragments. A scrutiny of several 

yards of the rock was sufficient to satisfy me that the fragments in question 

were not derived from the Grampians. They differed altogether from the com- 

pact crystalline quartziferous felstones of the metamorphic region, and resembled | 

the interbedded rocks of other districts with which I was familiar. As we pro- 

ceeded towards Dunkeld, lower beds of the series came successively into view, 

and the component fragments became gradually coarser, until they occurred as 

large as two feet, or even more, in diameter. They were dark, vesicular, slaggy- 

like masses, often quite angular, and were accompanied with only rare and small 

fragments of slate. At last we came to a band of dark cellular felstone, identical 

with some of the larger blocks just referred to. It was clearly a contemporaneous 

ejection, and showed the vesicular scoriaceous aspect, so common on the upper 

surface of a sheet of interbedded trap-rock. Below this band of felstone another, 

but less felspathic, series of conglomerate beds succeeded, which rested finally on 

the broken and twisted edges of the clay-slate. 

From the railway we could see that this igneous series stretched towards the 

north-east as a line of rounded eminences. It seems probable, also, that not a 

few of the trappean patches inserted on the maps across the area of Perth and 

Forfar may have had a similar origin, and may belong to the same geological 

period. It becomes important also to inquire whether, as the conglomerate of 

Dunkeld is undoubtedly connected with the operation of volcanic forces, other 

portions of the great conglomerate series which flanks the Grampians may not 

have arisen, to some extent at least, from the same source. 

There is thus clear proof of the existence of active volcanic force in Perthshire, 
VOL. XXII. PART III. 8D 



642 MR ARCHIBALD GEIKIE ON THE CHRONOLOGY 

and in the Sidlaws of Forfar, during the accumulation of the Lower Old Red 

Sandstone. To the same period, I am at present disposed to refer part of the range 

of the Ochils. The north-eastern prolongation of these hills is undoubtedly of 

the age, not of the lower, but of the Upper Old Red Sandstone, since the felstones 

and conglomeritic bands pass upward, and become intercalated with the yellow 

sandstones of Dura Den. But to the south-west, beyond Kinross, there appears 

to be unconformity of the Mountain Limestone on the trappean series, which is 

highly inclined, and ought probably to be connected with the Lower Old Red 

Sandstone of the valley to the north. But much careful research is still needed 

before the geological structure and age of this group of hills are understood. 

The Campsie Hills, notwithstanding the able descriptions of them by Colonel 

Imriz and others, are not yet brought into thorough chronological order. From 

the paper and sections by Mr Youne of the Hunterian Museum, Glasgow,* and 
from the information he has given me personally, I infer that these hills are on 

the whole contemporaneous with the north-east end of the Cchils; that is, of the 

age of the Upper Old Red Sandstone. 

Passing still south-west, parallel to the boundary of the metamorphic region 

of the Highlands, other chains of hills are met with, consisting, like those already 

noticed, of igneous rocks. They stretch to the Clyde at Dumbarton, whence they 

spread southwards into a high undulating tract of country, forming the main ridge 

or water-shed of the counties of Renfrew, and part of Lanark and Ayrshire. 

From observations made at various parts of this range of hills, I regard the whole 

provisionally as belonging to the Old Red Sandstone. As in the case of the Ochil 

and Campsie Hills, the great Lower Carboniferous series of the Lothians is here 

absent, and we find the Mountain Limestone group frmging these old volcanic 

banks. 

No better section of part of these trap-rocks exists than that which has been 

laid open by the waves of the Atlantic, along the coast of Ayrshire, from the 

Heads of Ayr southward to beyond Turnberry Point. The true interbedded 

character of the masses is there abundantly evident. Beds of compact felstone, 

sometimes strongly amygdaloidal, are intercalated among strata of ashy conglo- 

merate, red sandstone, and marl,—the trappean ridges running out to sea as 

reefs, while the softer beds have been worn into sheltered bays, that look across 

the blue firth to the grey mountains of Arran. 

Much still remains to be done in the region between the Ayrshire coast and 

the southern end of the Pentland Hills. In the course ofa rapid excursion made 

in bad weather, towards the close of last autumn, I saw, at Corsancon Hill, some 

felspathic conglomerate of Lower Old Red Sandstone age (hitherto marked as 
trap), and have little doubt that part of the felstone ridge which bounds the 

* Transactions of the Geological Society of Glasgow, Part I., 1860. 
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Silurian hills between Dalmellington and Straiton must be the source from which 

that conglomerate was derived; and consequently that, in Nithsdale as well as in 

Perth, the volcanic forces were at work during the Old Red Sandstone period. 

There are few areas of Scotland that promise to reward the observer with more 

interesting results than the high ground on the borders of the Silurian region, in 

the south of Lanarkshire and Ayrshire. 

Allusion has been made to the felstones of the Campsie Hills and part of the - 

Ochils, as belonging to the era of the Upper Old Red Sandstone. Another, and 

perhaps a still more characteristic example of volcanic rocks of this period, occurs 

in the chain of the Pentland Hills. 

Trap-Rocks of the Upper Old Red Sandstone. 

After the movements which resulted in the uptilting of the Lower Old Red 

Sandstone and Upper Silurian of central Scotland, the Upper Old Red Sandstone 

began to be thrown down upon the edges of the inclined and fractured strata. 

The base of this part of the series is well seen in the southern prolongation of the 

Pentland Hills, where it consists of a great thickness of conglomerate and sand- 

stones resting on highly inclined and vertical Ludlow shales. The higher part of 

the series is intercalated with sheets of interbedded felstones and ashes, forming 

the northern part of the chain. Since these igneous rocks may serve as the type 

of contemporaneous traps of Old Red Sandstone date, I shall briefly sketch their — 

general features.* . 

The Pentland Hills reach a height of about 1900 feet above the sea, and 

stretch south-west from Edinburgh, until they merge into the moorlands of 

Lanark and Peebles. They are bounded on either side by long parallel faults, 

which have brought down the carboniferous strata, sometimes vertically, and 

even reversed, against the older parts of the chain. The basement rocks of the 

hills are highly inclined grits, and slates, or shales, some of which, as I have 

already mentioned, contain a great abundance of fossils; The general aspect of 

these fossils is regarded by Mr Sauter as clearly placing them on the horizon of 

the Ludlows. Upon the tilted and denuded edges of these Silurian beds, there 

rests a great thickness of conglomerates and grits, which, though they have not 

yet yielded any organisms, are unquestionably parts of the Upper Old Red Sand- 

stone. Northward, this series becomes thinner, until it finally disappears. Its 

upper part is intercalated with, and covered by, beds of felstone, which, swelling 

out towards the north, where the grits and conglomerates have thinned off, rest 

directly on the irregular surface presented by the upturned edges of the Silurians. 

* See Mr Mactaren’s “ Sketch of the Geology of Fife and the Lothians,” p. 124, and “ The 
Geology of Edinburgh,” in the Memoirs of the Geological Survey, where I have described the hills 
in detail. Compare also the Survey Map of this district, sheet 32 (Scotland). 

+ See Memoir to accompanying sheet, 32 of Geol. Survey of Scotland. 
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The upper part of the Old Red is consequently to a marked extent felspathic; the 

conglomerate there consists largely of various felstone fragments broken from the 

subjacent beds, and the grits in like manner display a considerable quantity of fels- 

pathic matter as a cementing paste. The felstone beds which follow vary greatly 

in texture and composition. Sometimes they are dark and crystalline, or pale and 

dull in texture, or earthy and highly amygdaloidal. Throughout the central and 

southern part of the range, these felstones are well defined, each sheet being 

traceable for a considerable distance,—sometimes for six or eight miles. Between 

these beds there occur thinner interstratifications of felspathic ash, sandstone, 

conglomerate, and breccia. At the north end of the chain much confusion super- 

venes, owing to the multitude of minor lenticular beds which occupy the long 

parallel sheets that run southward. Beds of felstone of all shades and tex- 

tures, porphyritic, compact, and amygdaloidal, follow each other, or are inter- 

blended together with no apparent order, further than that their general line of 

strike corresponds with that of the central and south part of the hills. The 

bedded character of these masses is rendered more apparent by the occasional 

interstratification of ashy bands. These, however, are also of limited extent. 

In short, the whole aspect of the north end of the chain renders the conjecture of 

Mr M‘Laren* a very probable one, that here or hereabouts lay the centre of 

eruption round which the minor flows accumulated, while the larger lava streams 

flowed for miles to the south-west, covering over or lapping round the islets of 

slate which had not been enveloped by the grits and conglomerates of the Old 

Red group. These igneous rocks are covered by conglomerates usually more or 

less felspathic, and these again gradually pass up into the finer calcareous con- 

glomerates, sandstones, and shales of the Lower Carboniferous group. 

In short, the Pentland Hills afford evidence that, at the time of the Upper 

Old Red Sandstone, the district to the south-west of Edinburgh was for a long 

while the seat of a powerful volcano, which sent out massive streams of lava and 

showers of ash, and continued active until well-nigh the dawn of the Car- 

boniferous period. It will be the work of future years to ascertain the areas 

in Scotland which formed contemporaneous centres of volcanic eruption. 

Trap-Locks of Carboniferous Age. 

We pass now to the Carboniferous system, which contains a more abundant 

series of the volcanic rocks than any other Scottish formation. The whole of 

the broad Carboniferous band which bisects the country from the Firth of Clyde 
to the mouth of the Forth and of the Eden is intersected in every direction by 
dykes and masses of trap. Nor is it merely their number that renders these 

igneous rocks remarkable. They take a large variety of forms, occurring as intru- 

* Geol. of Fife and Lothians, p. 183. In this volume the structure of the Pentland Hills is 
delineated with great clearness, and in a truly philosophical spirit. 
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sive and interbedded, and as greenstones, basalts, felstones, and ashes. Moreover, 

they are found intercalated in nearly every horizon throughout the system, from 

the top of the Old Red Sandstone up to the top of the flat coals which, in the 

Lothians, form the highest part of the series. Every district has its dykes or 

hills of greenstone and basalt, and there are perhaps few areas of any consider- 

able size which do not show traces of one or more distinct centres of eruption, 

by the beds of ash and melted trap intercalated among unaltered strata. As an 

illustration of these features, reference may be made to the area of the Lothians. 

There a continuous series of ashes, with associated greenstones and basalts, 

may be traced from the top of the Old Red Sandstone up into the upper coals of 

Stirlingshire. In this district there is no large group of the Carboniferous rocks 

without, in some locality, its traces of contemporaneous trap. Such traces are 

not, however, found over the entire area. On the contrary, they possess a 

markedly local character, so that a series of beds, which at one point displays 

interbedded trap, may exhibit it nowhere else, or may show at another distant 

point traces of another distinct series of eruptions. These features will perhaps 

be most clearly understood if we trace in outline the geological history of 

the region during the deposition of the Carboniferous rocks, marking, as we pass 

on, some of the principal volcanic ejections by which the succession of the series 

was diversified.* 

At the dawn of the Carboniferous system the area now forming the basin of 

the Forth appears to have been covered by a broad but shallow firth, into which 

a variety of currents carried a constant burden of sand and silt. The sandstones 

and marly shales thus formed have yielded a few shells, as Myalina, Anthracosia, 

Edmondia, and Athyris, along with the spines of Ctenacanthus, and a consider- 

able admixture of vegetable remains. This early period was marked by at 

least one centre of volcanic eruptions,—that of the trappean hills of Edinburgh. 

Streams of various lava-form traps and showers of ash were ejected at successive 

intervals, the pauses being marked in some cases by intercalated seams of sand- 

stone and shale, with land plants and fish remains. After a mass of igneous 

matter, some 700 or 800 feet thick, had been thrown out at this locality, the 

volcanic forces became quiescent, and the old condition of deposition returned. 

Another unimportant eruption took place between Granton and Cramond, and 

then by degrees the firth seems to have silted up into a network of interlacing 

sandbanks, separated by ponds and lagoons of brackish water. The mud-flats 

and shallows nourished a luxuriant growth of the characteristic vegetation of the 

coal period, while the winding channels between had their floor covered with a 

thickening growth of Cyprides, Anthracosic, &c. The congregated remains of 

the Cyprides gave rise to a varying seam of limestone, which, occurring at 

* For the details of part of this region, see the Memoir of the Geological Survey on the 
“Geology of Edinburgh” already referred to. 
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intervals all over the Lothians, has long been known as the limestone of Burdie- 

house. 

Some time before, and also during the formation of this calcareous seam, the 

voleanic forces, which had been at rest for a considerable period, broke forth again 

with great energy. There were at least two areas of eruption perfectly distinct 

from each other, alike in the character and amount of the material ejected. 

By much the most vigorous action was that displayed throughout the region 

from North Berwick to Dunbar, the long line of cliffs between the two towns still 

bearing forcible evidence of the fact. Immense quantities of red felspathic dust, 

mingled with stones of all sizes, up to a yard or more in diameter, were thrown 

out over an area of at the least a hundred square miles. It was on a floor of this 

volcanic sediment that the Burdiehouse limestone in East Lothian was deposited. 

In many localities, as at Tantallon, the limestone is markedly ashy in composi- 

tion, and abounds with fine laminz of silica, disposed in crumpled layers, like the 

deposits of some thermal springs. Above it comes another series of ash-beds and 

conglomerates, succeeded by a still higher group of sheets of felstone, which, 

attaining a great thickness, form the chain of the Garlton Hills. With the ejec- 

tion of these lava-form traps, the igneous action in East Lothian appears to have 

ceased. A long bank of volcanic matter was left above the level of the surround- 

ing water, and not until the lower part of the Carboniferous limestone group 

began to be deposited was the inequality of surface removed, and the whole area 

reduced, by subsidence and deposition of fresh sediment, to one continuous level. 

Upon the submerged beds of felstone the limestones began to accumulate in undis- 

turbed succession; nor throughout the remainder of the Carboniferous rocks of 

East Lothian, is there any trace of further contemporaneous eruptions. 

I have said that the volcanic rocks of the Carboniferous system throughout 

the Lothians are of a markedly local character. This is nowhere more conspicu- 

ously displayed than on the horizon of the Burdiehouse limestone. In East 

Lothian, as we have seen, that bed accumulated amid the multiform ejections of 

an active volcano. In Mid-Lothian, however, the calcareous sediment gathered 

in undisturbed lagoons. Although the active volcanic focus of North Berwick 

was only twenty miles distant, yet, so far asthe evidence goes, no ash seems ever 

to have fallen among the cypris-shoals of Burdiehouse; but Stigmarie clustered 

thickly along the shallower swamps, and Lepidodendra shed their catkins among 

the matted ferns and rotting leaves that floated on the surface of the water, or 

sank among the limy mud at the bottom. 

On the west side of this undisturbed area, that is in Linlithgowshire, and the 

south-west of Mid-Lothian, there are traces of another centre of volcanic action 

on the same horizon with the ash-beds of North Berwick and Dunbar. A green, 

fine-grained felspathic ash is there found in several localities, below and above 

the Burdiehouse limestone; and at one locality (Corston Hill) a large sheet of 
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felstone, intermingled with ashy layers. But it is possible that among the 

exposures of these rocks we have parts of several local eruptions, at all events, 

they do not exhibit the strongly marked features, and wide extent of the East 

Lothian ashes. 

After the period of the Burdiehouse limestone, volcanic rocks ceased to be 

ejected over the counties of Edinburgh and Haddington, while Linlithgowshire 

became eventually the seat of a vigorous and long continued volcanic activity. 

During the accumulation of the sandstones and shales which cover the Burdie- 

house limestone, showers of ash were of frequent occurrence, and these, along 

with ejections of greenstone, continued to increase in number up to the beginning 

of the Carboniferous Limestone. The range of hills from Bathgate to Borrow- 

stounness exhibits on a grand scale the character and extent of the trappean rocks 

with which that limestone is associated. Beds of limestone are there seen pass- 

ing into seams of ash, each full of the characteristic organisms of the series. 

Sheets of greenstone run horizontally among limestones, shales, and ash-beds; 

lenticular beds of limestone sometimes laminated with silica,* as in those of North 

Berwick, occur isolated among the ashes and basalts; while the whole series is _ 

traversed by dykes, and broken through by huge amorphous masses of green- 

stone that sweep up into rugged hills. It would be foreign to the purpose of the 

present paper to enter into the details of this most interesting region, I can only 

remark further, that when the lower part of the coal-field began to accumulate 

above the Carboniferous Limestone in this region, there existed a low volcanic 

bank which probably rose above the water-level and separated the coal swamps 

of Bathgate from those of Borrowstounness. From this bank, during the growth 

of the adjoining coal-fields, there issued several flows of greenstone and basalt, 

which, accumulating to a greater depth on the north side, now form enormous 

sheets in the coal-fields, and have to be sunk through for upwards of 400 feet, 

before the lower seams of the Borrowstounness coal-field are reached. The slow 

subsidence which had been going on all through the Carboniferous period, gradually 

brought down the volcanic islet beneath the sea-level, and eventually there 

formed over it and over the adjacent coal-fields, a thick series of sandstones and 

shales, with two seams of marine limestone. During these later changes, the 

old igneous forces had not become wholly dormant, as is sufficiently proved by 

several sheets of ash between the limestones and thick beds of greenstones above 

them. Another series of coal swamps, similar to the first, at length sprang up 

over the entombed limestones and traps, and stretched away to the east over the 

site of the old island. Yet these forests also eventually disappeared beneath a 

new succession of igneous ejections. How much further this history may be 

* A beautiful example occurs in the East Quarry, Kirkton, first noticed by Dr Hiszerr (Trans. 
Royal Soc., Edinburgh, vol. xiii. p. 278). See also “Geology of Edinburgh” (Memoirs, Geol. 
Survey). 
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pursued, will be known when the geology of Stirlingshire and the area to the | 

south-west comes to be thoroughly worked out, but my examinations have : 

carried me no further at present. The trap-rocks of Linlithgowshire are, so far | 

as I yet know, the latest Carboniferous traps in Scotland. : 

Fig. 1—Diagram-section to show the intercalation of sheets of volcanic material among the 

Carboniferous strata of the Bathgate Hills. 

Bathgate. Borrowstounness 

_ 
oo ceca 

c. Carboniferous Sandstones, Shales, Coal, and Ironstones. 1, Carboniferous Limestone. 

g- Sheets of Greenstone and Basalt. a. Beds of Stratified Ash. 

In quitting the Carboniferous system, let me repeat in one sentence that this 

group of rocks, as displayed in the region of the Lothians, shows a regular suc- 

cession of contemporaneous igneous rocks throughout its entire thickness; that 

- the volcanic forces first broke out about the centre of the district at Edinburgh ; 

that, after becoming quiescent there, they reappeared simultaneously at the time 

of the Burdiehouse limestone in East and West Lothian; that by the time of the 

Carboniferous Limestone they had become extinct in the former area, but gradu- 

ally increased in energy in the latter, where they continued in operation at inter- 

vals throughout the rest of the Carboniferous period. 

At this point there lies a wide gap in the evidence. Of Permian or Triassic 

trap-rocks I am not aware that Scotland has yet furnished any examples; and 

thus, leaving the greenstones of the Carboniferous, we pass to those of the 

Oolitic group. 

Traps of Oolitic Age. 

That wild, rocky chain of islands known as the Inner Hebrides, extending 

from Oban to the Shiant Isles, consists mainly of vast trappean masses, overlying 

and interstratified with limestones, shales, and sandstones, which in their fossils 

correspond to the English Lias and Oolite as far upwards as the Oxford Clay. 

The Lias of Skye is much traversed by dykes of greenstone and basalt, and 

likewise cut through and metamorphosed by great hills of syenite. It presents, 

however, no trace of contemporaneous ejections, though, as I have elsewhere 

shown,* some of its beds, by their brecciated and unconformable character, afford 

indications of such subterranean movements as, in the succeeding Oolitic period, 

produced the greater part of the mountains of Skye and Raasay. The dykes and 

likewise the syenites are of two ages, the whole being probably later than the 

* Quart. Jour. Geol. Soc., vol. xiv. 
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Oxford Clay. To the age of these syenites must be attributed the remarkable 

metamorphism of the Lias Limestone of Strath,* and possibly also that of the 

hypersthene of the Cuchullin Hills. 

It is not, however, until we pass up into the upper part of the Lower Oolite 

that we meet with continuous sheets of greenstone. These, often beautifully 

columnar, are found resting on the precipitous line of cliffs north of Portree, and 

capping the higher part of the opposite island of Raasay. In their lower portion 

they appear intruded among the limestones, shales, and sandstones; but as we 

trace them across the north-western part of Skye, they are seen to be regularly 

interbedded among estuary limestones and shales. The deep indentations along 

the northern shore of the island are due to the wasting away of these strata ; 

while between the lochs the sheets of greenstone swell into rugged heathy hills, 

or shoot up as precipitous cliffs, which the frosts of winter are carving out into 

grotesque pillars, and wearing down into heaps of rubbish. 

Fig. 2.—Diagram-section to show the intercalation of Igneous Rocks among the 

Oolitic Strata of Skye and Raasay. 

Skye. Sound of Raasay. Raasay. 

The estuary beds of Loch Staffin, worked out by Edward Forbes in 1851, form 

the lowest of the group, and are succeeded by enormous sheets of greenstone 

and basalt (g, fig. 2), between which occur other estuary limestones and shales, 

along with several seams of coal (0). During part of the autumn of 1858, I ascer- 

tained this to be the structure of the wide sweep of country, hitherto coloured as 

one sheet of trap, extending from the Atlantic to the Sound of Raasay, but I was 

prevented from working out the details. It is not one sheet of greenstone, but a 
series of successive sheets, with fossiliferous bands between. The fossils collected 

by me from these bands are now in the hands of Dr Wright, who has kindly 

undertaken their examination. 

- That these greenstone beds are contemporaneous with the strata among 

which they occur I have little doubt, though another visit will be needed before 

this statement can be fully verified. Their mere extent and regularity, as well 

as the unaltered character of the shales, limestones, and coal beds, wherever I 

have seen them, seem indications of synchronism rather than intrusion, an 

opinion that was very strongly maintained by Dr Bou£.+ 

* Quart. Jour. Geol. Soc., vol. xiv. p. 1, et seg. 
+ Essai Geologique sur l’Ecosse, p. 220, et seq. 
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Trap-rocks of Tertiary Age. 

Among the Trappean islands of the Hebrides and the adjacent shores of the 

mainland, there is still a wide field for investigation. My own researches have 

reached upward from the base of the Lias to the top of the Middle Oolite; and it 

seems highly probable that some connecting links will yet be found between the 

Oolites and the leaf-beds discovered by the Duke of Argyle at Ardtun in Mull. 

Meantime, however, the links are wanting: from the Middle Oolite basalts of Skye 

we pass to the Tertiary basalts of Mull. The age of the latter is marked by the 
dicotyledonous character of the leaves, which occur in bands of clay intercalated 

among beds of basalt and volcanic ashes. The existence of these leaf-beds, with 

their associated volcanic rocks, is of great interest when regarded in connection 

with the basalts of Ireland on the one side, and with the great extent of similar 

beds among the Hebrides on the other. It is not impossible, however, that traces 

of volcanic rocks of the same, that is, of tertiary age, may be found on the main- 

land, even in localities considerably removed from the Ardtun district. 

In examining the geology of Arthur’s Seat for the Geological Survey, I was 

particularly struck with the features of the newer which rest on the older volcanic 
rocks of the hill. When studied in connection with the surrounding country, the 

interval of time represented by the unconformity seemed constantly to widen, 

until it became evident that the upper series of basalts and ashes was not only 

later than the Carboniferous system, but possibly later than even any part of 

the Palzeozoic rocks. I was afterwards made aware of a suggestion of the late 

Professor Epwarp Forbes, that the upper part of Arthur’s Seat might possibly 

be of Tertiary age. Until a large portion of Scotland has been minutely 

examined, it will be impossible to decide this question. In the meantime it is 

sufficiently evident that these Arthur’s Seat rocks are long posterior to the Car- 

boniferous system, and if not tertiary, must at least belong to the later part of 

the Secondary series.* 

Later Trap-dykes of Scotland. 

It is a point of some interest to determine the general direction and probable 

age of the great greenstone or basalt dykes, by which all the rocks of Scotland, 

whether of aqueous or igneous origin, are more or less traversed. Their direc- 

tion, when viewed in a broad way, is strikingly persistent from north-west to 

south-east—7.¢., across the prevalent strike of the rock-formations. Variations 

occur in many localities, being determined either by some change in the strike of 

the rocks, or more usually by the position of faults along which the igneous 

matter has risen from below. 

* For a full statement of the evidence on which this conclusion is: based, see “ Geology of Edin- 
burgh” (Mem. Geol. Surv.). 

—— 
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Beginning at the south-east side of Scotland and the northern part of Eng- 

land, we find long dykes of greenstone traversing the country in rectilinear lines. 

One of these was described by Mr Mitne-Homn* in his Memoir on the Geology 

of Roxburghshire. It runs in a west north-west direction from beyond Hawick 

to the crest of the Cheviot Hills near Hyndhope, whence it runs eastward to the 

sea. Another dyke, with a nearly similar direction, was observed by myself in 

the north part of Northumberland. One branch crosses the Tweed below Cold- 

stream and meets another a few miles toward the east, whence both range 

south-eastward to Holy Island. If the line of the Hawick dyke be prolonged 

towards the north-west, it will be found to pass through the small coal-field 

of Douglas. It is remarkable that in that coal-field, passing north-westwards 

across the Haughshaw Hills, a large greenstone dyke does occur, the direc- 

tion of which I found to be similar to that of the Hawick one. In the same 

district also I detected another massive dyke running parallel to the last, and 

crossing the upper part of the valley of Muirkirk. These dykes cross all the 

other igneous rocks of the district in which they occur, and are plainly the latest 

formed. 

In the Lothians, the larger dykes have an east and west, or west-by-north-east 

by-south direction, sometimes, however, veering to west-by-south, east-by-north. 

Their line of strike appears to be, in most cases, determined by some previous 

line of fissure, and their course can usually be determined with ease even where 

they cut through masses of greenstone of similar lithological characters. Some 

instructive examples of this kind occur in the hilly ground south of Linlithgow. 

In Bute and Cantyre a north-westerly trend characterises the greenstone 

dykes, and the same direction is maintained in Islay and Jura.t From these 

islands northward, along the whole of the wild western coast, nothing can be 

more striking than the persistence of this north-westerly trend. Whether the 

rock traversed be crystalline syenite, metamorphic gneiss, contorted schist, or 

gently-inclined oolitic sandstones and shales, the dykes of greenstone are seldom 

diverted from their course. They run across lonely glens and up the sides of 

rugged mountains like lines of ruined ramparts, and then away out to sea like 

huge moles and breakwaters raised by some superhuman agency against the 

fury of the western waves. In some localities, as, for example, in the little island 

of Pabba, between Skye and the mainland, they occur in such numbers that one 

might almost cross the district by stepping from dyke to dyke.t 

* On the Geology of Roxburghshire.—Trans. Roy. Soc. Edinb., vol. xv. p. 456. 
} In these islands there is an older group of magnesian greenstones, which run parallel to the 

strike of the schists—+.¢., from south-west to north-east. It is instructive to see how completely 
these are cut through by the newer group, I have described these features in a joint paper on the 
Metamorphic Rocks of the Highlands, by Sir RopErick Murcuison and myself (Quart. Jour. Geol. 
Soc., vol. xvii. p. 210 ). The same facts have been observed by Mr Jamzson in Cantyre and Knap- 

_ dale (Quart. Jour. Geol. Soc., vol. xvii. p. 140). 
t See my paper on Skye and Pabba (Quart. Jour. Geol. Soc., vol. xiv. p. 1, et seq). 
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The age of these dykes can of course only be approximately reached. One 

cannot fail to observe, even at the outset, that they all point towards the great 

volcanic centre of the Inner Hebrides. Further, as we examine the country more 

closely, we discover that they increase in number as they are traced from south- 

east to north-west; that is, towards this volcanic area. I have already shown 

that the igneous rocks of Skye and the adjoining islands are later than the lias, 

and are probably of the age of the Middle Oolite. It seems to me, therefore, a 

reasonable inference, that the long north-west and south-east dykes which range 

from these islands across central and southern Scotland may be, partly at least, 

if not entirely, of Oolitic age. And this inference is strengthened by the curious 

fact, that when we trace one of these long dykes out of the palzeozoic rocks of the 

Border country into the northern counties of England, we find it traversing 

liassic and lower oolitic strata. Thus, at both ends of the series, Secondary 

rocks exist, and at both localities they are cut through by the prolongation of 

the series of north-west and south-east dykes which occur in the central and 

southern Scottish counties. 

In conclusion, the points in Scottish geology which I have endeavoured to 

prove in this communication are,— 

1. That in the metamorphosed Lower Silurian region of the Highlands, there 

appears to exist no trace of interbedded igneous rocks, but that in the less altered 

equivalents of these Lower Silurian strata, in the south of Scotland, there are 

traces, if not of the actual eruption of felspathic rocks, at least of their existence 

at the surface during the Lower Silurian period. 

2. That the vast number of felspathic dykes in the south of Scotland may 

perhaps be referred to two geological ages,—one prior to the deposition of the 

Upper Silurian series (but this requires further evidence); the other, between the 

Lower and the Upper Old Red Sandstone, as is shown by the hills of Lesma- 

hagow. 

3. That while, in the south of Scotland, during the earlier ages of the Old Red 

Sandstone period much, if not all of the igneous activity went on at some depth 

below the surface; in the central counties, it manifested itself in the eruption 

of vast sheets of melted lava, and showers of ash and scoriz; that these volcanic 

materials occur both in the lower and upper zones of the formation, and have 

given rise to chains of hills, as the Sidlaws, the Ochils, the Pentlands,, the Campsie 

Hills, and the range of high ground extending for many miles to the south-east 

of Greenock. 

4. That after the cessation of the volcanoes of the Upper Old Red Sandstone, 

and the deposition of the earlier part of the Carboniferous series, the igneous 

agencies broke out again, not however to the same extent as during the previous 

period; that the Carboniferous era in Scotland was characterised by the abun- 
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dance and activity of its volcanic foci—so much so that there is not a well defined 

zone of Carboniferous beds in the Lothians which does not at some point display 

its intercalated sheets of ash or greenstone; but these eruptions were markedly 

local alike in their extent and in the character of their erupted material. 

5. That after the Carboniferous series, there is at present a great gap in the 

chronology of the Scottish trap-rocks, the next known records of volcanic action 

being the greenstone and basalt hills of Skye, Rasay, and the islands to the south, 

which probably belong to the epoch of the Middle Oolite. 

6. That to the same Oolitic period we ought probably to refer the long north- 

west and south-east dykes which range from the Inner Hebrides across Scotland 

to the coast of Northumberland and Durham. 

7. That of Upper Secondary igneous rocks, Scotland has not yet furnished 

any trace; but that in Mull there occur basalts and ash-beds which, from the 

association with them of dicotyledonous leaves, have been referred to the age 

of the Miocene Tertiary. 

8. That the upper part of Arthur’s Seat is long subsequent to the igneous 

rocks on which it rests, and may possibly be of the same age with the Miocene 

lavas of Mull. 

The facts stated in the preceding pages suggest some curious reflections on 

the question whether or not the volcanic forces are deep-seated. Thus the contem- 

poraneous trap-rocks of the Old Red Sandstone are highly felspathic—felstones, 

porphyries, and felspathic ashes and conglomerates. The lava-form traps of the 

Carboniferous series are nearly all augitic—greenstones, basalts, &c. The fel- 

stones as a rule, cover large tracts of country; the greenstones occur only as local 

and sporadic patches. Again, the dykes that traverse the Silurian and Lower 

Old Red Sandstone districts are almost entirely felstones; those in the Carboni- 

ferous tracts are as uniformly basalt or greenstone. These latter dykes are dark 

crystalline rocks; those of the Upper Old Red Sandstone of adjoining tracts (as 

in Haddingtonshire and the Pentland Hills) are dull, compact, and ferruginous. 

In short, we can hardly resist the conclusion, that the nature of the igneous dyke 

has some relation, whatever it may be, to the nature of the rock which the dyke 

traverses. And if this be so, we are led to ask, whether the force which produced 

the dyke may not have been less deeply seated than is commonly sup- posed ? 

In another paper on this subject, I shall endeavour to show, that during the 

accumulation of the Upper Old Red Sandstone and the Carboniferous rocks of 

central Scotland, the subterranean forces operated not only in the eruption of vol- 

canic material, but to a marked degree in the elevation and depression of part of 

this district ; and that these movements were attended by some important changes 

in the physical geography, and in the Fauna and Flora, of that ancient period. 
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XXX.—Memoir of Rev. John Fleming, D.D., F.R.S.E. By ALEXANDER 

Bryson, Esq., P.R.S.S.A. 

(Read 4th March 1861.) 

If it be true that “there is a history in all men’s lives, figuring the nature of 

the times deceased,” * how much more worthy of record the lives of those who 

have left an impress upon their age, who have corrected popular errors, have 

made clear much that was obscure, and, from the force and fulness of truth in 

them, have become the great teachers of their time. The histories of such lives 

figure more than the “'times deceased,’—they teach us how to occupy our 

time; and though these earnest men are dead, their works are vee living 

epistles, ever speaking to those “who have ears to hear.” 

It was wise in this Society to encourage the production of memoirs of those 

who have contributed, by their labours, patronage, or example, to further the 

cause of science and literature. The following memoir of a deceased member 

is a humble addition. to the many already published in this Society’s Trans- 

actions. 

_ Joun FLemine was the third son of ALEXANDER FLEMING and CATHERINE ~ 

Nimmo, and was born at the farm-house of Kirkroads, near Bathgate, on the 10th 

of January 1785, and baptized on the 13th of the same month. FLEMiNG’s ances- 

tors had long been tenants of the farm of Kirkroads; and his father, during 

JoHN’s boyhood, worked a limestone quarry near at hand, for his own farm pur- 

poses, as well as for sale. It. may be said that he was thus early initiated into a 

knowledge, however limited, of economic geology. Few, if any, of his contem- 

poraries remain, from whom might have been gleaned the history of his school- 

boy days. This much at least is known,—he was not distinguished for main- 

taining any high position in his class; nor was any great love of scholastic lore a 

feature of his after life. But he had an inner life, little sympathized with then, 
as he rambled about the rocks of Kirkton, studying the strange metamorphoses 

they exhibit, and laying up a store of facts which were to bear rich fruit in his 

riper years. While at the University of Edinburgh, studying for the ministry of 

the Church of Scotland, he attended Dr Horn’s chemical class in 1802, and about 

this time made the acquaintance and acquired the friendship of THomas THomson, 

then a young and ardent lecturer on chemistry in Edinburgh, To this early 

friendship FLemine referred his fondness for chemical analysis, and gave THom- 

son the credit of instilling into him the opinion that chemistry was the only basis 

* King Henry IV., Second Part, Act 11, Scene 1. 
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on which mineralogy should rest. This subject was indeed his first love, and the 

last effort of his life was devoted to its advancement. When THomson died in 

1852, FLemiInG said that he had lost his best and earliest friend. 

In the year 1805 Fiemine had completed his clerical curriculum, and was 

licensed as a preacher of the gospel by the Presbytery of Linlithgow on the 22d 

April 1806. Fiemtine’s father and mother were attached to the Old Light 

Dissenters, who strove after a higher and more strict observance of the ordi- 

nances of religion (as they thought) than the Church of Scotland at that time. 

He was, however, carried to the parish church to be baptized; and when the 

clergyman gave out the second verse of the forty-seventh paraphrase,— ) 

“When to the sacred font we came, 
Did not the rite proclaim 

That, washed from sin and all its stains, 
New creatures we became ? ”— 

the verse was very repugnant to FLemtne’s father, as he held that it implied the 

doctrine of baptismal regeneration; so the old stern dissenter put on his hat and 

walked out of the church until the offensive paraphrase was sung. This inci- 

dent was of course well known in the family circle; and when FLEminc had been 

licensed to preach, he was requested to officiate in the same church where, 

twenty-one years before, he had been baptized. Among the other relatives who 

came to hear the youthful clergyman was his father; and whether to test his - 

parent’s adherence to his old views, or perhaps to show his independence, 

FieminG chose for his first hymn the same distasteful paraphrase. No sooner 

were the verses announced than old FLEmiIne, as before, put on his hat, and re- 

mained outside until the psalmody was concluded. He inherited from his father 

at least one quality which distinguished him through life—infiexibility of 

purpose. 

Towards the end of 1807 he made a mineralogical tour through Orkney 

and Shetland, the first fruit of which was a paper on Papa Stour, one of the 

Shetland Islands. This paper was communicated to the Wernerian Society, and 

found a place in the first volume of their Transactions. It exhibits considerable 

knowledge of mineralogy, and is worthy of notice on account of his having given 

there, for the first time, the true definition of the term Breccia, which geologists 

had previously applied to denote formations as identical which were very dif- 

ferent in structure. He says,—“ Ihave employed this word (breccia), which is of 

frequent use, to express an aggregated rock of angular fragments, cemented by a 

basis of a different composition. It differs from pudding-stone not only in the 

cement, but in the fragments not being rounded. From conglomerate it likewise 

differs, in the fragments not being the same with the cement.” He also, in this 

paper, indicates his belief that the filling up of cavities in amygdaloidal rocks by 
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quartz, fluorspar, carbonate of lime, and carbonate of barytes, is due to subse- 

quent molecular changes after the deposition of the beds. 

By a strange accident, this mineralogical tour was the means of introducing 

him to his first ministerial charge at Brassay, in Zetland, vacant for some time 

previous to his visit to the islands. The patron, Lord Dunpas, had not presented 

within the prescribed period, and the Presbytery of Lerwick claimed the exercise 

of the jus devolutum. Mr Fiemine had preached with considerable acceptance 

to the congregation whose pulpit had been so long vacant, and the charge was 

offered to him by the Presbytery. With his usual deep sense of duty, and as a 

proof of how early he had imbibed a dislike to patronage as then exercised, he 

consented to accept the vacant charge only on condition of a large majority of the 

elders and heads of families desiring him for their pastor. This proof of their 

esteem and confidence was not long withheld, and he was duly presented to the 

parish of Bressay. But the document presenting him to the charge had only 

been a short time completed when a vessel which had been detained by stress of 

weather arrived at Lerwick with Lord Dunpas’s presentee on board. In this 

dilemma his Lordship wrote to Mr FLEminG, urgently entreating him to resign the 

charge, and promising him instead the first vacancy which opened to his patron- 

age. To this request Fiemine replied, that he would be guilty of injustice to 

his parishioners, who had so unanimously desired his ministry, and also to the 

Presbytery of Lerwick, whose nominee he was, adding, with his usual causticity, 
that “‘a bird in: the hand was worth two in the bush.” ‘This straightforward 

conduct, instead of irritating Lord DunDas, was the means of drawing patron and 

pastor more closely together, and, as we shall see in the sequel, procured for 

FLEMING all the advancement which lay in his Lordship’s power. While settled 

at Brassay he began to collect zoophytes, molluscs, and other marine productions 

so profusely thrown on shore in that boreal region, and there obtained the nucleus 

of perhaps the most extensive and perfect collection illustrative of the natural 

history of the British Islands in the possession of any private individual. 

Among the first captures that he made was a small-headed narwhal, which was 

thrown on shore at the entrance of the Sound of Weesdale, in Zetland, on the 

27th September 1808. The description of this animal he communicated to the 

Wernerian Society, and it was published in the first volume of their Transactions. 

This paper derives some importance from its proving that Lacepéde, the famous 

French ichthyologist, was wrong in not admitting the Monodon microcephalus to a 

place in the British fauna, as well as from its being the means of procuring for 

Fiemine the friendship and correspondence of Sir JoserpH Banks. About this 

period, at the request of the late Sir Jonn Srvciarr, he undertook an examination 

of the economic mineralogy of the Orkney and Shetland Islands. In this paper 

he regards the mineral products of these islands strictly in an economic view, 

the scientific points being previously discussed in his paper on Papa Stour. On 
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the recommendation of Sir Joun Srncxair, the Government had agreed to defray 

all the expenses of the survey; but, with the usual liberality of our Government 

to scientific men, the young minister of Brassay was left twenty pounds minus 

his expenses. In 1809, while still at Brassay, he considered himself labouring 

under consumption, and in the concluding passage of a letter to the late Dr 

Neti thus alludes to his condition :—‘‘ The very vermes which I am now so fond 

of examining will soon examine me—nay, consume me. If it must be so, I hope 

to die in peace.” 

But the vs medicatrix nature was strong within him, and he lived for nearly 

half a century after this, to do battle for the truth, and to crush many a crude 

hypothesis which authority had made current. Had he died then, BuckLAND’s 

** Reliquize Diluvianee’’ might have reached a third edition, instead of being 

recalled, and some of Cuvirr’s assertions have remained. unchallenged, or left 

perhaps for OWEN in our own day to refute. From Brassay, FLemine sent to the 

Wernerian Society a paper—the fruit of his rambles in his native county— 

entitled “ An Outline of the Flora of Linlithgowshire,” specifying only such plants 

as are omitted by Mr Licurroor, or are marked as uncommon by Sir JAMEs 

EDWARD SmitH. ‘This he stated was to be considered as the first of a series of 

communications illustrative of the natural history of his native country, and 

was the chrysalis of which his work on “ British Animals” was the imago. To- 

wards the end of this year (1809) he communicated to the same Society a descrip- 

tion of several rare vermes discovered by him in Shetland. ‘This paper does not 

appear either in the Proceedings or Transactions of the Wernerian Society. In 

1810, the parish of Flisk, in Fifeshire, became vacant, and the patron, Lord 

Dunpas, placed the presentation in the hands of Mr FLEmine, on the 30th of July. 

Having preached acceptably to the congregation, he received an unanimous call, and 

entered on the duties of his sacred office. In this comparatively civilised district, 

he found more leisure than in the wide-spread though thinly-peopled parish of 

Brassay. He was also near to St Andrews, so as to permit him to enjoy the 

society of many of his early friends who were there resident. Flisk is distin- 

guished as one of the smallest parishes in Scotland, and the least populous, as at 

this time it only numbered 213 souls. It neither had a village nor a resident 

proprietor. There was not even a baker or butcher, and, what is still more sur- 

prising, there was not a public-house in the parish. The stipend, though higher 

than at Brassay, was nearly as limited as the extent of the parish, scarcely 

averaging L.150 per annum, during his incumbency, and he often complained of 

the res anguste domi. In Flisk he spent twenty-two years of the most active, 

and certainly the happiest, period of his life. One of the first visits he paid 

after his settlement at Flisk, was to the manse of the adjoining parish of Kilmany, 

where Cuatmers had been for five years the pastor. We should feel ourselves 

unfaithful to the memory of Fiemine did we not take notice of three entries in 
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the diary of CoaLmers which allude to this period. These remarks are interest- 

ing as incidents in the lives of two eminent men, but still more so as they exhibit 

what John Foster in his Essay has shown so forcibly to be the great difficulty of 

even the greatest of mankind—to write a diary wherein they who, with a fine 

‘scalpel, lay bare the hearts of their fellows, shall yet exhibit the secret recesses 

of their own. In this respect CHALMERS was like other men, and, with all hig 

largeness of heart and intellect, exhibits in these passages how prone we all are 

to err, when writing a memoir of ourselves. In his diary CuaLmeErs says, at date 
8th September 1810— 

“Walked to Monzie. At dinner we had Mr FLeEmrine, presentee to Flisk; 

accomplished in some interesting branches of science, and promises to be a oreat 

acquisition to me, from the congeniality of some of our pursuits. Let me never 

forget the pre-eminence of religion ! 

“« Sunday, September 9th.—Preached twice as usual. Had a pleasant scientific 

conversation with Mr Fremrne all evening. Find him a valuable accession in this 

point of view, but I must keep up with him a tone of seriousness upon religious 

subjects. Have to thank God for giving me courage to go through the exercise of 

family worship. 

“ September 11th.—Had a long walk with Mr Fiemine, and am happy to find 

he expresses a high sense of duty on the subject of the clerical office.” 

When the admirable memoir of CHALMERS appeared, by his gifted son-in-law, 

Dr Hanna, Dr Ftemine asked me if I had read these passages, and what impres- 

sion they made? My answer was, that he (Dr FLemine) was evidently more in- 

terested in discussing scientific and natural history topics than those more suited 

to the Sunday evening fireside of a Presbyterian clergyman. His reply was short 

and characteristic. “ Yes,” he said, ‘“‘ the world will not blame CHaumers; but if 

sin there was that night, he was the sinner. I was his guest, he was my senior, 

and through the whole evening he led the conversation.” 

From hints afforded by his letters, he appears at this time to have observed 

the fact (which he has not brought forward so prominently as it deserves), that 

all basalts rest perpendicularly on the strata beneath ; or rather, that by observ- 

ing the angle which the axis of a basaltic pillar makes with the horizon, we may 

predict that the strata on which it rests are at right angles to that plane. From 

this he deduced that the columnar arrangement of basalt was not due, as had 

been a priori assumed, to igneous fusion, but was derived from volcanic action, 

either primarily, in a muddy condition, or, like the peperino of Italy, thrown up 

from the bowels of the earth, but afterwards arranged by water. Further, that 

the apparent crystalline form was due to the effect of shrinkage, as we see finely 
exampled in the peculiar forms—almost basaltic—assumed by starch, from its 
shrinking during the operation of drying. In support of this view he laid it down 

as an axiom, that no crystallization takes place without a definite chemical com- 
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position; and that as basalt was only a mechanical one, the forms were due to 

shrinkage, not crystallization. Among many examples in proof of his views on 

this subject, he adduced the Rock and Spindle near St Andrews, in a paper pub- 

lished in the second volume of the “ Wernerian Society’s Transactions,’ of which 

he says,—‘ This rock is about 40 feet in height. Towards the base, there is a 

spherical concretion of basalt, in the form of five or six-sided lengthened pyra- 

mids meeting at the apex, giving to the mass a stellate appearance. The mass is 

likewise divided into concentric layers. The basalt contains crystals of augite 

with olivine, and glassy felspar. This concretion of basalt is surrounded with the 

tufa into which it gradually passes; and must have been completely enveloped 

by it previous to its partial wasting away by the action of the sea and atmo- 

sphere. It may be mentioned in this place, that the regular basaltic columns at 

Elie are a portion of a spherical concretion contained in trap tuff. Here the con- 

cretion is only about ten feet in diameter, at Elie it is several hundred feet. In 

other parts of the tuff, small masses of amygdaloid and basalt occur, leading 

directly to the conclusion, that the bed is partly mechanical and partly a chemical 

deposit; since these rocks imperceptibly pass into one another. If the regular 

forms of basalt induced Dr Huron to conclude that they furnished proofs of the 

action of a central heat, he would have found considerable difficulty in applying 

his heat to those enclosed masses of basalt without fusing the bed of tufa which 

surrounds them. He who has the boldness to build a theory of the earth without 

a knowledge of the natural history of rocks, will daily meet with facts to puzzle 

and mortify him.” During the winter 1811 and 1812, while a new manse was 

building for him at Flisk, he was necessitated to take up his abode at Cupar for 

a season, and when residing there he gave a short course of lectures on Chemistry 

and Natural History. He also at this period contributed the article Conchology to 

Brewster’s Encyclopedia. On the 15th of March 1813, he married MELVILLE, 

second daughter of ANDREW CuristTIE, Esq., banker in Cupar-Fife. The fruit of 

this marriage was two sons; ALEXANDER, who died in his thirteenth year, and 

ANDREW, now a medical officer in the Indian Service, and author of a valuable 

report on the “ Geological Structure and Mineral Wealth of the Salt Range in the 

Punjab.” This service he undertook at the instance of the Indian Government, who 

appointed him chief of the survey. He has also contributed largely to our know- 

ledge of the Fossil Fauna of India. To Mrs FLEemine’s sympathy with her hus- 

band’s pursuits, and to her artistic pencil, which was ever ready to illustrate the 

objects of his research, he has gratefully alluded in his ‘ Philosophy of Zoology.” 

From the plates in this work, but a meagre idea can be formed of the genius and 

devotion displayed by Mrs FLemine in aiding her husband while engaged on his 

« History of British Animals.” It was necessary for him to consult, during the 

progress of this work, a scarce book, the “ Zoologia Danica’ of MULLER, so rare in 

Britain that he knew of butasingle copy. This he borrowed, along with Miiller’s 
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««Entomostraca and Hydrachnee;” with a perseverance seldom equalled, and 

with a rare artistic talent, Mrs FLemine copied the whole of these works of the 

admirable Dane. In this labour—truly one of love—Mrs FLEMING copied 687 

quarto pages, and 1308 most exquisite figures! Flisk was no longer a “ science- 

inspiring solitude,” as a friend had called it, but a centre of great attraction to 

many who loved its genial inmates. The Rev. Dr M‘Vicar, now of Moffat, was 

at this time frequently a guest at Flisk, of which, in a letter lately received, 

he says, “‘ I shall never forget the charm of Flisk Manse. After an interval of 

thirty years, it seems to me like a beautiful dream to remember it. All was so 

intellectual, so sweet, and so sacred, and the welcome always so full and 

friendly. Though eight miles from a market, Mrs FLEmine seemed always pre- 

pared for visitors; and the last idea that could enter into one’s head was that 

he was giving trouble, or putting people out of their way.” 

In 1814, FLEMING read a paper to the Wernerian Society entitled “ Contribu- 

tions to the British Fauna.” This communication contains the description of nine 

animals new to the fauna of the British Islands—namely, Sorex fodiens, or water- 

shrew, Pleuronectes punctata, or top-knot turbot, Lepas fascicularis, or banded 

barnacle, Hirudo verrucosa, Echinus nuliaris, Lucernaria fascicularis, Caryophyllia 

cyathus, Fungia turbinata, and lastly, Flustra Ellisii, which he named in honour 

of Exuis, distinguished by his accurate industry in the investigation of zoophytes. 

He also in the same year communicated to the Wernerian Society a paper 

describing eight new species of Orthoceratites which he had discovered in the — 

Carboniferous formation of Linlithgowshire. This paper was published, with 

illustrative drawings of the various species, in Thomson’s “ Annals of Philosophy.” 

In the introduction he shows how early (though at this time a most determined 

Geognosist) he was urging the necessity of studying the zoology of rocks. ‘‘ Had 

this department,” he says, “ been studied with greater care, geologists would not 

have been so frequently perplexed in accounting for the phenomena of nature. 

How often do we hear it asserted, that the plants, corals, and shells, which are 

found in a fossil state in the rocks of this country, bear the strongest resemblance 

to those of Africa and India. Yet when these are subjected to a close examina- 

tion, they are found to be specifically distinct, and the distracted philosopher is 

saved the trouble of deluging the earth by a comet, or of changing its axis of 

motion. Naturalists were long employed in searching for the means which 

transported the monsters of the equatorial forests to the frozen regions of the 

north, until the systematic accuracy of a CAMPER and a Cuvier proved the fossil 

elephant to be a new species, differing in form and character from the elephants 

of Africa orIndia. Before the physical distribution of petrifactions can be investi- 

gated with success, the particular species must be previously ascertained.” This 

latter sentence, penned in 1814, points to what is as much a desideratum now as it 

was then—a want of knowledge of species, and where a species ends and a genus 
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may begin. FLEMING’s intuitive perception of the bearing of this truth, and its 
inherent value, was almost the first axiom he expressed in his philosophical works, 

and it continued throughout a long life as a main topic of his teaching, In this 

year (1814) he contributed to the “Annals of Philosophy” a paper on a bed of Fossil 

shells which occurs to the westward of Borrowstounness. It derives some 

importance from its containing views of the causes of raised sea-beaches adopted 
by its author at this time, and, with his well-known conservancy of opinion, main- 

tained until the last. This bed of shells is 33 feet above high-water mark. It 

contains only such shells as now exist in the adjacent waters, the common oyster 
being the most abundant; more sparingly occur Patella vulgaris, Buccinum unda- 

tum, Purpura lapillus, Littorina littorea, Littorina littoralis, and Tapes pullastra. 
At first, FLemine was inclined to believe that this bed of shells—removed certainly 
ten miles from the nearest oyster-scalp—was a proof of the “ gradual diminution 

of the water of the ocean, and retreat of the sea from the British shores.” But 

the peculiarity of the shells, littoral, laminarian, and pelagic, all mingled in one 

incongruous mass, seems to have arrested his attention, and convinced him that 

no calm slow change of elevation of the land or recession of the sea could at all 

account for the fact of the oyster leaving its deep muddy bed to fraternize with the 

Turbo littoreus on shore. He believed and taught that there had been, throughout 

all the geological epochs of the earth’s history, great changes of elevation of sea and 

land ; but that masses of shells belonging to various zones or depths of the ocean 

should be found all huddled together, could not, he contended, be evidence of the 

recession of the sea, or upheaval of the land. From these facts he concluded that 

this bed of shells had been thrown up by a violent agitation of the sea, when the 

waves rose at least 33 feet above their ordinary limits. Nor was this a hypo- 
thetical conjecture, as Borce, in his “ Historia Scotorum,” relates the effects of a 

storm which took place about the year 1266 in these words :—“ In the séventeenth 

year of the reign of Alexander the Third, a tide very much higher than usual—a 

consequence of storms—overflowed the channels of the rivers, especially the Tay 

and the Forth, and caused an inundation which overthrew many villas, laying 

waste the districts, and occasioned a very great loss both of men and cattle.” 

“ Such a storm,” says FLeminG, “ must have left some visible traces of its exist- 

ence. ‘Tradition indeed mentions one of the effects of this mighty flood, in the 

destruction of a town and in the elevation of the sands of Barrie, at the mouth 

of the Tay. And what prevents us from concluding that the same mighty 

tempest raised from the bottom of the channel of the Frith of Forth the oysters 

and mussels, and deposited them in a regular bed along the banks of the river?” 

We have said that this paper contains his early theory to account for the 

phenomena of raised sea-beaches, and that he never saw any reasons which induced 

him to change his views. These he stated very fully on several occasions, while 

criticising papers on supposed raised sea-beaches read before the Royal Physical 
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Society, by the late HucuH Miuuer and the writer of this Memoir. In these dis- 

cussions, he alluded to the great recession of the sea during the famous Lisbon 

earthquake, and the subsequent wave, nearly 90 feet in height, which swept over 

the land, leaving the detritus of the ocean-bed high up on the shore. He also 

affirmed, that many so called raised sea-beaches were the refuse of extinct fishing 

villages, as he had in his possession a fragment of an earthenware pipkin or 

** sreybeard” which he had found deeply imbedded among shells of the edible 

species; and he hence concluded, that these so called raised sea-beaches dated 

no further back than a time which he called the “Picnic era.” This question 

of raised sea-beaches recalls to remembrance the last geological excursion we 

were privileged to enjoy with him, during the last summer of his life, in company 

with his and my esteemed friend Dr M‘Batn, to the caves near Wemyss Castle, 

on the shores of Fife. These caves had been to him for many years objects of 

ereat interest in regard to this question. They are not so far above the present 

level of the sea as to make the idea improbable that they were caused by the 

action of high tides, though a bank now prevents the highest wave approach- 

ing. He appealed to the small select jury, to decide whether the land had 

been raised or the sea depressed? or (and this was the verdict), that old Ocean, in 

some wild fitful mood, had, by raising up a barrier of shells and shingle, barred 

itself from caves which its billows had hollowed, and where, for thousands of 

years, they had rung their echoes, and abandoned them, as we saw on that bright 

summer day, to the more peaceful sounds of lowing cattle, who were their tenants 

then.* 

In a most interesting memoir, read to the Wernerian Society on the 4th 

February 1815, on the Mineralogy of the Red Head in Angusshire, he gives his 

views in regard to the conflicting theories of WERNER and Hutton, a fertile field 

* While FLemine never denied the existence of raised sea-beaches, he refused to believe that the 
layers of shells and marine debris occurring along our west coast were, in any of the cases which 
he had examined, true raised sea-beaches or sea-bottoms; but that the character and arrangement of 
the marine contents of the deposits clearly indicated that they owed their origin to some violent effort. 
Thus, in the instance first noticed and described by Mr R. Cuamsers, occurring at Granton Quarry, 
he found all the materials of a raised sea-beach, but how were they arranged? The shells whose 
natural habitat was different were confusedly huddled together; the boulders also, which had long 
lain on the beach, and been rounded by the action of the waves, were there, with the limpets adhering 
to them ; but these, in many instances, were discovered attached to the under surface of the stones, or 
lying with their cavities empty and upturned when the stones were removed, clearly showing that 
they had died in this position—a position in which they certainly could not have lived. 

On a closer examination of the materials, it was found that the stones had a general inclination 
towards the north-west, showing that the wave—for it was now evident that it was a storm-raised 
beach—had come in that direction, and that the catastrophe producing the phenomena had been short- 
lived, as the returning waves had been unable to affect the sand which forms the large proportion of 
the bed, so as to enable the stones to regain the horizontal position which gravity required. In the 
case also of the so-called raised sea-beach at Fillyside, described by Hucu Minter, Fiemine noticed 
that the molluscs here also were often found firm in the boulder clay, when the large boulders to 
which they were attached were removed—evidence of the origin of the bed which the strongest advo- 
cate of raised sea-beaches was unable to gainsay. 
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of contention among the geologists of that period. To neither of their theories 

could he assent, but boldly asserted his freedom, declaring that the true theory 

of the earth must embrace both, and paved the way for his friend Sir CHaruEs 

LYELL, who has won so many laurels in this independent field of inquiry. Not 

that they agreed on particular questions, but their general views were consis- 

tent, the chief difference between them being on the question of metamorphosis. 

While FLEMING taught that molecular changes were due to mechanical and 

chemical action, Sir CuarLes LYEu has held that heat was the principal agent 

in changing the structure of rocks. This paper on the mineralogy of the Red 

Head will well repay a perusal, more especially where he discusses the formation 

of the famous pebble beds which occur in the amygdaloidal rocks of the district 

around Montrose. 

FLEMING was proposed as a Fellow of the Royal Society of Edinburgh by Pro- 

fessor JAMIESON, Dr BrEwstTER, and Professor PLAYFAIR, and was elected on the 

24th January 1814. The first paper which he communicated was read on the 

17th June 1816, and is printed in its Memoirs. It contains his observations 

“On the Junction of the Fresh Water of Rivers with the Salt Water of the Sea.” 

From observations made at different states of the tide in the Firth of Tay, he 

proved that when currents of fresh and salt water come in opposition, the lighter 

fluid, or fresh water, will be raised upon the surface of the denser, or salt water ; 

and when the stronger current of the tide has reversed the direction of the 

stream, the salt water will be found occupying the bottom of the channel, while 

the fresh water will be suspended or diffused on the surface. That the sea 

water reaches a higher point of the river than the sensible qualities of the water 

at the surface would indicate, was proved by the occurrence of the Fucus vesicu- 

/osus in fructification on the beach of Flisk. He also found the coralline Zubu- 

laria ramosa of Evuis, and a Sertularia resembling the gelatinosa of Pawuas. 

Another fact he also established, that near land, more especially continents, the 

water of the surface of the sea contains less salt than the water at the bottom, 

and that this varies considerably in regard to summer and winter. During 

winter, owing to the larger amount of fresh water poured into the ocean, 

and the lessened evaporation, he found the difference to be as eighteen in 

summer to sixteen in winter, and this obtained as far down the Firth of Forth 

as Prestonpans. 

In the summer of this year (1816) Fiemine delivered a course of lectures on 

botany to the Cork Institution, Ireland, with a view to his permanently accept- 

ing the chair as Professor. On his return from Ireland, he communicated a 

valuable paper to the Wernerian Society on the ‘‘ Mineralogy of Cork,” in which 

he has briefly though clearly stated his views regarding the crystallization of 

minerals, more especially pseudomorphs. The phenomenon of some crystals pos- 

sessing a more determinate power of crystallization than others, even while con- 
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taining a large amount of foreign matter mixed mechanically with the crystal- 

lizing substance (which was a true chemical compound), had early arrested his 

attention; and we cannot but regret tliat views so simple, and borne out by 
so many examples, had not been given in a more connected form to the world. 

We hope yet to be able to present a digest of these views, which have so im- 

portant bearings on physical geology. In a paper read to the Wernerian Society 

in March 1823, on the Sertularia cuscuta, and on a new species of Vorticella, it 

appears that he was the first to describe and figure the cilia by which currents 

are produced along the tentacula of polypi. He referred these cilia to the 

branchize, and connected, therefore, more with the aérating than the prehensile 

functions. Our space will not permit us to describe even the salient points of 

the many contributions which Fleming gave about this period to the literature of 

natural history. To ‘“Brewster’s Encyclopedia” he furnished the articles 

Hybernation, Conchology, Ichthyology, Insecta, Helminthology, Natural History, 

and Aphiology. 

To the periodicals of the day he furnished many valuable papers. Among 

these may be mentioned his reviews in the “Edinburgh Monthly Journal” and 

«New Edinburgh Review,” edited by Dr Pootz. These contributions range over 

a wide field of natural history, and display a deep and varied knowledge of so 

extensive a subject; they contain, also, the germs of his first great work, the 

«Philosophy of Zoology.”’? This work was published in 1822, in two volumes. 

It is divided into four parts. The first portion treats of biology in its widest sense ; 

the second part is devoted to the investigation of the characters of animals; the 

third to systems and nomenclature; and the fourth to classification. 

The “Philosophy of Zoology ” met with considerable favour, and its author 

received from the celebrated Ferrusac of Paris and Signor ZanprRiIn1 of Pavia 

the most flattering testimonials of their approbation. Signor Zanprinr showed 

his appreciation of the work by translating it into Italian; and for many years it 

has been the standard work amongst the savans of Italy. 

Cuvier was not so hearty in his approval of the work, as FLEmine had been 

rather hard in some strictures on the great anatomist’s too hasty generalizations. 

His reply to FLEMING, on receiving a copy of the work, is interesting’even for one 

passage, where he repudiates having shown any leanings to materialism in his 

great work the ““Regne Animal.” The letter is dated Paris, 30th Nov. 1824, 

and is in these words :— 

««Srr,—I was well aware previously of all the merit and interest of the work 

which you have published on zoology, and of which I did not fail to possess myself 

at the time; but I attach a new value to the same by receiving a copy direct 

from the author’s own hand. This mark of esteem is infinitely precious to me, 

and I feel most grateful for it. I might have wished, however, that you had 

more deeply or completely understood my theory of the co-existences of organisa- 
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tion, and the numerous applications which I have made of them in my work on 

fossil bones. You would then probably have allowed that my ideas on the sub- 

ject are less separate from your own after all, and especially you would have 

avoided representing them as in favour of materialism. I do not pray you the 

less, Sir, to receive with many thanks the expression of my most distinguished 

sentiments.” (Signed) “* BARON CUVIER.” 

It required no common courage, especially in a clergyman, to teach a doc- 

trine so opposed to all the opinions of his fellows at this time, that “life and 

death are co-ordinate,” and it is interesting to find a passage in the “ Philosophy 

of Zoology”’ on that gucestio vexata the origin of species (as unsettled now as it 

was then), to which we, in absence of better evidence, may attach our faith. He 

says, “Is the generation of organised beings simultaneous or successive? Have 

they all been created at once, but, in the progress of time, so modified by the 

influence of external agents as now to appear under different forms? Or have 

they been called into being at different periods, according as the state of the 

earth became suitable for their reception? The latter supposition is coun- 

tenanced by many geological documents.” Before we can estimate the value of 

Fleming’s dichotomous method, and its bearings on natural history, we must 

take a short retrospective view of the systems and methods of his predecessors. 

Two great divisions of the animal kingdom have been generally acknowledged — 

and justly appreciated since the days of Aristotle,—animals possessing warm and 

red blood, and those without blood—proper.* Those positive and negative distinc- 

tions, under various forms and modifications, still constitute the foundation of 

all our scientific systems and classifications. This primary division was adopted 

by Aristotle, and is essentially founded upon physiological principles. Man was 

selected as the standard of comparison, and the viviparous animals, birds, rep- 

tiles, and fishes, follow in succession. From the time of this great master of 

science until the beginning of the sixteenth century, no advance was made in 

these “dark ages,” of which Owen remarks, “The well-lit torch, which should 

have guided to further explorations of the mighty maze of animated nature, was 

suffered to fall from the master’s hands, and left to grow dim and smoulder 

through many generations, ere it was resumed, fanned anew into brightness, and 

a clear view regained both of the extent of ancient discovery and of the right 
course to be pursued by modern research.” 

The elder Pliny made no attempt at a scientific method of arrangement 

further than commencing with the largest group and ending with the smallest. 

During the sixteenth century, with the revival of learning, a better era dawned 

upon the study of natural history. This originated with BELon of Mans, who was 

born in 1517, and seems to have devoted himself to the study of birds, fishes, 

and botany. 

* See Aristotle’s System, Linnean Transactions, vol. xvi. p. 24. 
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In the year 1554 two works on fishes appeared—one by RonpDLLETivs, Professor 

of Medicine at Montpellier, the other by SALvIANus, a physician at Rome. These 

were soon followed by two writers on general zoology—Conrap GrEsNER and 

UxyssEs ALDROVANDUS, the former a physician at Zurich, the latter a Professor of 

Philosophy and Natural History in the University of Bologna. Gursnmr, in his 

“History of Animals,” classifies them into two great divisions—those that reside 

on land, and those that live in water. The viviparous quadrupeds are subdivided 

into six orders, into which animals are disposed according to the accident of their 

being wild or tame. ALDROVANDUus adopts Piato’s division of the animal king- 

dom, corresponding to the four elements of the ancients, fire, air, earth, and 

water. He begins with birds, “that division,” as he says, “seeming to offer 

itself first in order; for as to those corresponding to fire,” he observes, “I consider 

none such exist.” There are many important anatomical and physiological 

details in the works of ALDRovaNDus. For example, he describes the process of 

incubation in the egg for each day, the “punctum saliens” having been seen on 

the third, with the “¢runcus venosus” arising from it. The first British Zoologi- 

cal work appeared in 1634, under the title of “Theatrum Insectorum,” by Dr 

Mourret, physician to the Earl of Pembroke. 

The next original work was published in the year 1667, entitled “ Pinax 

Rerum Naturalium Brittanicarum,” by Dr Christopher Merrett, and is deserving of 

notice as the first of our local faunas and floras, being entirely devoted to British 

plants and animals. It was at this period that the names of Listmr, Ray, . 

WiLLoucusy, and SIBBALD began to spread the fame of Great Britain. This has 

been called the physiological or golden age of natural history; and the impulse 

given to this study by the writings and discoveries of these eminent men has 

continued and increased to the present time. These men were the objects of 

Fleming’s greatest admiration. 

Ray’s system of classification, although based on that of his predecessors, was 

so far in advance of theirs that it received general acceptance among naturalists 

until it was superseded by the more simple and effective one of Linnazus. The 

primary divisions of Linnzus are founded upon the structure of the heart and 

nature of the blood, the characters of the teeth being chosen for his mammalian 

orders. By thus adopting exclusive characters, his system, although powerful in 

the discrimination of groups, is highly artificial. The fame of Linnzus rests 

on his invaluable nomenclature, commonly known as the Binomial system. For 

the system of Linnazus, FLEMING ever expressed his utmost admiration as a 

means to an end, but he roundly rated those who blindly accepted a table of 

contents as a book, or an index to names when the pages were awanting. To 

the earnest student of nature the illustrious Swede had pointed the way, though 

he had not traversed it himself. He had furnished sailing directions, yet no 

chart of the immense ocean of facts, which he had descried from afar, but had not 
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navigated; whose depths and shallows he had not himself sounded. The fol-. 

lowers of Linnzus were the objects of FLEMING’s condemnation rather than the 

master himself. They had been content with the mere entry of a name, when 

they ought to have supplied a pregnant page to the great book of nature. 

The classification of Linnzus was followed by that of Cuvirr, which, unlike 

that of the great Swede, is founded on the anatomical structure of the 

animals. The animal kingdom is divided by Cuvier into four sub-kingdoms, 

and the primary groups in his first division, Vertebrata, are founded upon the dif- 

ferent kinds of motion and respiration of the animals. These are the two most 

celebrated systems of modern times. They both embrace the whole animal 

kingdom and form the basis of all other scientific methods of arrangement. 

The defect in the system of Liynzus consists in his having assigned charac- 

ters to the primary classes which do not apply to the orders included in them; 

whilst the error of the Cuvierian arrangement is in using modifications of positive 

characters along with positive and negative ones in the formation of the primary 

classes. It was to remedy this defect, and to establish a more scientific prin- 

ciple in the use of positive and negative characters, that FLEMING proposed and 

explained his Binary or Dichotomous method in the “ Philosophy of Zoology.” Of 

this method he says, ‘“ The investigation and distribution of animals would be 

comparatively easy, if the forms and modifications of the different systems of 

organs exhibited constant mutual relations. Thus, if we consider the organs of 

any system to be in their most perfect state when they admit into their structure 

the greatest variety of combinations, and execute the greatest number of motions 

or functions, does it happen that, when we have discovered in any species one 

system of organs in its most perfect state, all the other systems may be expected 

to be in the same condition? The whole history of the animal kingdom contra- 

dicts such expectations of co-existing characters, and justifies the conclusion that, 

in the same species, one or more of the systems of organs may be in a perfect 

state, in co-operation with others which may be considered as imperfect.” In a 

note appended to this paragraph he gives the offence to Cuvier of which that 

illustrious anatomist complained in his letter already quoted. FLEMING says, 

“Tt is truly surprising to find such an observer as Cuvisr, in the face of observa- 

tions and his own experience, asserting the existence of this mutual dependence 

of the different organs, or, as he is pleased to term them, the necessary conditions 

of existence. In his ‘ View of the Relations which exist amongst the Variations 

of the several Organs’ (Comp. Anat., vol. i. p. 47), he says—‘ It is on this mutual 

dependence of the functions, and the aid they reciprocally yield to one another, 

that the laws which determine the relations of their organs are founded—laws 

which have their origin in a necessity equal to that of the metaphysical or 

mathematical laws; for it is evident that a suitable harmony between organs 

which act on one another is a necessary condition of the existence of the being to 
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which they belong, and that if any one of the functions were modified in a 
manner incompatible with the regulations of the others, that being could not 
exist.’ That such harmony prevails in every species is evident; but instead of 
being always produced by the same agents in the same state of mutual depend- 
ence, it is maintained in the midst of a diversity of combinations by a variety of 
compensating means, which display in a most astonishing manner the endless 

resources of the wisdom and power of the great Creator.” 

In illustration of the same views he adds, “ An animal, therefore, which can 

only digest flesh must, to preserve its species, have the power of discovering its 

prey, of pursuing it, of seizing it, of overcoming it, and tearing it in pieces. It is 

necessary, then, that this animal should have a penetrating eye, a quick smell, a 

swift motion, address and strength in the claws and in the jaws. Agreeably to 

this necessity, a sharp tooth fitted for cutting flesh is never co-existent in the 

Same species with a foot covered with horn, which can only support the animal, 

but with which it cannot grasp anything; hence the law by which all hoofed 

animals are herbivorous, and also those still more detailed laws which are but 

corollaries of the first, that hoofs indicate dentes molares with flat crowns, a very 

long alimentary canal, a capacious or multiplied stomach, and several other rela- 

tions of the same kind” (p. 55). “This specious reasoning,” says FLEmtne, 

“would certainly lead to the admission of these necessary laws of co-existence, 

were the statements advanced correct in all their bearings. But the operations 

of nature are not restrained by such trammels. Quadrupeds possessing the com- - 

mon quality of being carnivorous have not all the same number of teeth, nor of 

the same shape, neither the same kind of stomach or intestines. Again, all 

herbivorous animals are not hoofed, for many of them are digitated, as the hare. 

All hoofed animals have not flat-crowned teeth like the bull, nor pointed teeth 

like the boar, nor a simple stomach like the horse, nor deciduous horns like the 

stag, nor a reservoir for drink like the camel, nor digestive organs that do not 

require any, like the sheep. Indeed, the number of varieties included under one 

species, the number of species belonging to a genus, and the number of genera in 

an order, intimate the variableness of the conditions of co-existence, and the 

absence of those supposed laws of relation, the belief in the mathematical necessity 

of which has contributed to augment the clumsy fabric of modern materialism.” 

From 1824 to 1826 FLemine contributed many papers on geological subjects 

to the “Edinburgh Philosophical Journal.” Among these may be noticed his 

admirable one “On the Influence of Society on the Distribution of British Ani- 

mals,” and that “On the Geological Deluge as interpreted by Baron Cuvier and 

Professor BuckLanp.” In the first of these memoirs he took up a position 

against BucKLAND’s views, as shown in his “ Reliquize Diluviane,” to which 

BucKLanD replied in a subsequent number of the Journal. Had the future Dean 

of Westminster known what he was evoking, he would have kept his discourse 
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on the deluge for a place where to reply would not be etiquette. FLEmiING’s re- 

joinder, in his paper “‘ On the Geological Deluge as interpreted by Baron Cuvier 

and Professor BuckLAND, ” was so crushing, that the third edition of the “ Reliquize 

Diluvianee,” then in the press, was withheld. Professor Sepewick said of this 

paper, “ that he had often heard of the tomahawk and scalping-knife in warfare, 

but this was the first time he had ever seen it employed in scientific literature.” 

Another paper contributed to the “Edinburgh Philosophical Journal” in 

1829, “On the Evidence from the Animal Kingdom tending to prove that the 

Arctic Regions formerly enjoyed a Milder Climate,” deserves notice for the philo- 

sophic views it contains. In this paper FLemine has shown, Ist, If two animals 

resemble each other in structure, their habits may be dissimilar; 2d, If two ani- 

mals resemble each other in external appearance, their habits may be dissimilar 

and, 3d, If two animals resemble each other in form and structure, their physical 

and geographical distribution may be widely different. He has also shown, in 

this most conclusive and masterly paper, how far analogy should be our guide in 

studying the former and present condition of animals on the earth. 

Cuvier had been successful in the employment of this guide, but he followed 

it too far, and fell into errors at variance with well-known facts, which FLEMING 

did not spare in this paper. Cuvier says,—‘“ Any one who observes only the 

print of a cloven foot, may conclude that the animal which left this impression 

ruminates; and this conclusion is quite as certain as any other in physics or in 

moral philosophy.” In his criticism of this passage FLEMING says,—“ Observa- 

tion had discovered many animals with cloven hoofs which ruminated, but in 

such circumstances would it be safe to infer that all cloven-hoofed animals 

ruminate? Conceive ourselves contemplating the footmarks of a sheep and sow. 

Under the guidance of Cuvier’s declarations, we would conclude that both 

ruminated—an inference true in one case and false in the other. Observation 

here warns us against the employment of a guide so liable to deceive us.” 

It is not easy to condense a paper such as this on the question of the former 

condition of the earth; suffice it to say, that he triumphantly set the question at 

rest, in regard to the argument of the Siberian mammoth being a proof of a 

higher temperature obtaining in those regions, and in alluding to the supposed 

scarcity of food he says,—‘ There is no difficulty in conceiving the elephant 

capable of securing food, when we know that many of our largest quadrupeds 

at present people those regions, such, for example, as the musk ox, the mouse deer, 

and the bison. We may know the kind of food the existing species prefer, but 

this yields no aid in determining the taste of the extinct species. Who is there 

acquainted with the gramineous character of the food of our fallow deer, ata or 

roe, that would have assigned a lichen to the rein-deer.” 

In 1828, FLemine published his ‘“ History of British Animals,” which will 

ever be a monument of his patient and philosophic discrimination. Some idea 
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may be formed of this work, by a glance at the number of genera and species he 

there described, belonging to the British Islands :— 

Mammalia, : : ; 38 genera with 60 species. 
Birds, an oe : peek O2 - 230°" 5, 
Reptiles, . : , ‘ 7 44 AE ees 
Fishes, ; : : 89 Bs DAO aes 
Recent Mollusca : Sita! 55) 597 

+P) 

And extinct Mollusca no fewer than 1031 species. 

All these he not only fully described, but supplied the synonymes, and gave 

the authorities and reference to each individual of the species. The ‘* History of 

British Animals” is still a standard book, and formed the model for Forbes and 

HENLEY’s beautiful work, on the ‘ British Mollusca.” In 1829, FLEMING contri- 

buted to the Quarterly Review, an article on BicHENo’s “ Systems and Methods 

in Natural History.” Its appearance was most opportune, as naturalists were at 

war in regard to the systems of Linn.zus, Jussieu, Macueay, and the supporters 

of the Dichotomous method, of which FLEmine was the most puissant champion. 

In this admirable paper he claims for the study of natural history the respect of 

every educated gentleman, and hopes that the time is not far distant when a 

naturalist and a natural will cease to be synonymous. He had no doubt in his 

remembrance, when he penned this passage, the case of Lady GLANVILLE, whose 

will was attempted to be set aside on the ground of lunacy, because she had 

shown a great partiality for insects, and Ray, the author of “The Wisdom of God 

manifested in the Works of Creation,” had to appear and bear testimony on the 

day of trial to her Ladyship’s sanity. Macreay, who proposed the Quinary 

system, suffered severely in this most trenchant article. To these strictures 

MacteEay replied in a violent attack in the seventh volume of the ‘‘ Philosophical 

Magazine,” under the title “On the Dying Struggles of the Dichotomous System.” 

It would not be edifying to quote the gross personalities which characterize this 

paper; in the heat of his ire he asserts that BuckLanp had stript from FLEMIne 

his borrowed plumes, and claims credit for forbearance in not plucking the last 

feather. Mr Macteay’s absence from England, being then resident in Cuba, 

perhaps was the cause of his not being informed that the Oxford Professor was, 

instead of his opponent, the plucked. To this most ungenerous attack FLemine 

replied in a forcible letter to the same Journal, which, as it gives a fair example of 

his style, is worthy of quotation :— 

* “ Art thou thus bolden’d, man, by thy distress?—or else a rude despiser of 

good manners, that in civility thou seem’st so empty? Your Magazine for June 

having reached me at the ordinary period, I proceeded to an examination of its 

contents, with the usual degree of interest. The article from the pen of Mr 

Macieay, ‘On the Dying Struggles of the Dichotomous System,’ naturally 

attracted my notice, not merely as an attack against myself, but as the exhibition 
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of a mode of conducting philosophical discussion I had never witnessed before. 

Whether this new style be calculated to advance the interests of science, to in- 

crease the respectability of your Journal, or to promote friendship among natu- 

ralists, must be left to the decision of the moral feeling of your readers and the 

public. In the meantime, however, I may take the liberty of stating, that if there 

be any of your readers capable of relishing such kind of lucubrations, they may 

blame you for having hitherto neglected to gratify their taste; while I assure 

them that I have no wish to secure their favour. The subject of ‘ Methods in 

Natural History,’ is one of very great importance to the interests of science, 

though hitherto, in this country, in a great measure disregarded. Discussions 

connected with it, and conducted in a suitable manner, could not in such cir- 

cumstances fail to be useful. Had Mr Macteay, therefore, confined his attack 

against me as one who admired the Dichotomous method and held Quinarianism 

in derision, to the merits of the respective systems, he would have received 

the satisfaction of a candid reply, as I am not aware of having published 

any opinion which I am afraid to defend, or would be ashamed to modify or 

abandon with increasing knowledge. But Mr Macteay, having laid aside the 

language of a gentleman, and violated the customary civilities of life, has com- 

pelled me, in due regard to my own character, to pass over in silence this effu- 

sion of his pen, which is probably without a parallel in the records of science. 

As Mr Vicors has thought proper to appear in connection with the publica- 

tion in question, I request him to assure his friend at Cuba that he never was 

the object of my malice or envy, but that at present he shares largely of my 

pity. 

“Before concluding, I beg to assure your scientific readers that I still adhere 

to the opinions I formerly expressed in my ‘Philosophy of Zoology,’ and more 

recently in ‘ British Animals,’ respecting the value of the Dichotomous or Binary 

method in natural history. With regard to the opinions advanced in the ‘ Quar- 

terly Review,’ | presume that the editor and his coadjutors are fully qualified to 

defend themselves, or rather that they are disposed to smile at the harmless 

abuse which Mr Macizay has thought proper to send forth against them. They 

are accustomed to witness the ‘dying struggles’ of harpooned whales. It is 

indeed their pastime.” 

In a paper read to the Wernerian Society in May 1830, he described the 

occurrence of the scales of vertebrated animals in the Old Red Sandstone of Fife- 

shire. He was thus the first to discover the remains of animal life in a forma- 

tion which prior to this period was held to be Azoic, and opened the field for 

Hue MILter, on which he earned distinguished laurels. 

In 1832 FLEMING was presented by Lord Dunpas to the pares of Clack- 

mannan, which he held until 1834, when the patrons of King’s College, Aber- 

deen, appointed him to the vacant chair of Natural Philosophy. During his 
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residence at Aberdeen he was mainly instrumental in forming the Natural His- 

tory Society, to which he contributed many valuable papers. We have said 

that FLemine, at an early period of his life—indeed, before he had accepted his 

first charge at Brassay—had expressed a strong dislike to patronage, and this dis- 

like did not decrease with his increasing years. At the Disruption he thought it 

therefore his duty to inform the patrons of King’s College that he intended to 

leave the Established Church with others of his brethren. Some circumstances 

made his occupancy of the chair of Natural Philosophy no longer agreeable, 

and he readily accepted the offer made to him of the Natural Science chair in the 

New College, Edinburgh, instituted by the broad and wise policy of Dr CHALMErs. 

This election was made at a meeting of the General Assembly at Inverness, 

in a manner very gratifying to FLeminc. Of the event he writes thus to Mrs 

Fiemine :—‘ The result of the conference (or private assembly) in my case was 

so very flattering that I cannot give you the details. I really hope that little will 

be said when brought before the House; I can stand abuse, but flattery is not 

congenial. I feel the importance of the chair in so many respects, that I wish I 
were quietly at home to give it the grave consideration which it demands.” 

FLEMING was now placed in a position much more congenial to his tastes and 

pursuits than the one he previously filled, and he soon showed that his merits as 

a teacher were in no respect inferior to his qualifications as a writer and original 

observer. He had a felicity of expression at once most logical and clear; and 

the love which he felt for all branches of natural science soon kindled the 

enthusiasm of his students. 

As a guide to his class, he published in 1846 his “Institutes of Natural 

Science,” in which he has given, in an intelligible form, short descriptions of the 

three great divisions of natural history—synthology, biology, and geology. In 

1851 FLEemine published a popular work on the “Temperature of the Seasons,” 

in which the influence of temperature on the various animals and plants is 

the most instructive portion. While engaged in the weekly excursions with 

his pupils, examining the geology around Edinburgh, he collected a valuable 

series of facts, which he communicated in several short notices to the Royal 
Society. 

These were afterwards embodied in his last work, the “ Lithology of Edin- 

burgh,” the last page of which was going through the press as its distinguished 

author died. This work has been published under the editorship of the Rev. Mr 

Duns of Torphichen, who prefaced it with an able memoir. In considering the 

various views held by previous writers on the geology of Edinburgh, FLemine 

never relaxed hold of those which he had originally published in early life; and 

in discussing the formation of trap and its tufas, never yields the point to his 

opponents of the igneous origin of these rocks. The boulder clay was the pons 

asinorum of his life: he had studied it even from his boyhood; and it was always 
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a source of grief to him to confess that he knew nothing of its origin after a study 

of upwards of sixty years. He was wont to say, “That he who could unravel 

the history of the boulder clay would be the Newton of geology.” 

«¢On Tuesday the 17th November 1857 he had lectured to his class with his 

usual vigour, and talked to his friends with a lightheartedness which to them 

did not presage any sudden change. Had he known the call was so near, would 

he have been otherwise? Those who knew him best can safely answer, No! 

Seldom has it been our experience, or rather happiness, to meet with one who, 

enjoying life so much, yet talked of death as a most blessed change. 

On his return home, between three and four in the afternoon, he was sud- 

denly seized with severe cramp of the extremities and spasm of the bowels. The 

- pain continued during the night. About 10 a.m., on Wednesday the 18th, the 

pulse became weak and intermitting ; the countenance sunk and anxious; extre- 

mities cold, with hiccup; abdominal pain and tympanitis leading to the sus- 

picion of the rupture of some internal viscus. Two hours afterwards the pain 

ceased, and he appeared to have fallen asleep, and expired at a quarter before 

2 p.m., less than twenty-three hours from the first seizure. On the examination 

of the body after death, a simple penetrating ulcer, at the posterior surface of the 

small curvature of the stomach, near the pylorus, half an inch in diameter, was 

found, permitting the escape of the contents of the stomach into the abdominal 

cavity, and causing peritonitis. At his funeral, which took place on 24th 

November, all the students of the New College were present; and he was in- 

terred in the Dean Cemetery, close to his friend Professor Epwarp Fores, in 

that boulder clay which had been to him of so much interest during all his life. 

I have now endeavoured to give a short, though perhaps meagre memoir 

of one who occupied, for nearly the first fifty years of this century, a most pro- 

minent place among the naturalists of our country. 

The most marked features of FLemine’s mind were his love of truth, his dis- 

trust of speculation, and the force and clearness of his reason. In his contro- 

versies on science (for in ecclesiastical discussions he was no polemic), his love of 

truth was too strong to permit of tenderness in his censures; and the grace of 

indifference, for which he sometimes prayed during the warfare, was so liberally 

granted, and so freely dispensed, as to be seldom pleasing to his opponents. He 

could and did pardon ignorance, but pretension he could not pardon. If profes- 

sions of originality were made, he expected a due performance; but for negligence 

he had no forgiveness. But he nursed his wrath for those who entered not into 

the temple of science by the door, but were helped on the backs or heads of their 

fellows to scale its walls. His keen appreciation of character, which enabled 

him at once to detect the spurious from the true, often subjected him to the 

criticism of singularity in his behaviour, when the fault lay alone with the critic. 

Those who approached him with the ostentatious display of their acquirements, 
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froze; but to others who came to him in doubt or ignorance, he was all 

warmth and geniality. He resembled a large lens of ice, which, when approached 

on the side on which the sun is shining, is cold and repulsive, yet, on the other 

side, it burns with fervent heat. 

It is not for me to estimate his usefulness as a clergyman; every congregation 

which was privileged to have him as its pastor has long ago testified publicly 

to his worth. As a teacher, none has yet arisen to fill his place; as an original 

observer and writer on natural history, he was, in Scotland, for the last fifty 

years, “ Facile princeps rerum naturalium indagator.” 

List of Dr Fleming’s Contributions to Natural Science. 

. Mineralogical Account of Papa Stour, one of the ZetlandIslands. (Wernerian Society 
Memoirs, vol. i. p. 162,—Read 12th Nov. 1808.) 

. Description of a Small-headed Narwal, cast ashore in Zetland. (Wer. Soc, Mem., vol. i- 
p. 181,—Read 10th Dec. 1808.) 

. Report on the Economical Mineralogy of the Orkney and Shetland Islands. (Statzs- 
tical Account of Scotland, 1809.) 

- An Outline of the Flora of Linlithgowshire, specifying only such plants as are omitted 
by Mr Lightfoot, or are marked uncommon by SirJ. H. Smith. (Wer. Soc. Proceed- 
ings, Vol. li. p. 640.—Read May 13, 1809.) 

. Description of several rare Vermes, lately discovered in Shetland. Read to the Wer- 
nerian Society, 9th Dec. 1809, but not noticed in their Proceedings. (Tvlloch’s Phil. 
Mag., vol..xxxiv. p. 470.) 

. On Marine Animals found in Shetland. (Wer. Soc. Pro., vol. ii. p. 643.—Read 19th 
May 1810.) 

7. Chemistry and Natural History. Pamphlet, 16 pp., 1811. 

- On a Bed of Fossil Shells at Borrowstounness. (Wer. Soc. Pro., vol. ii. p. 647.—Read 
11th Nov. 1811. See also Thomson's Annals, vol. iv. p. 133.) 

. Short Account of the Rocks which occur in the Neighbourhood of Dundee. ay Soe. 
Mem., vol. ii. p. 188.—Read 22d Feb. 1812.) 

. Contributions to the British Fauna. (Wer. Soc. Mem., vol. ii. p. 238; 1812 to 1818.) 

. Observations on the Mineralogy of the Neighbourhood of St Andrews. (Wer. Soc. 
Mem., vol. ii. p. 145.—Read Sth Feb. 1813.) 

. Notices respecting the Old ee Mines in Linlithgowshire. (Zhomson’s Annals, 
vol. v. p. 118.) 

. On the Species of Moss found in Scotland. (Wer. Soc. Pro., vel ll. p. 653.—Read 
16th April 1814. Also Thomson’s Annals, vol. iv. p. 71.) 

. Description of Ten Species of British Orthocere. (Wer. Soc. Pro.—Read 12th Nov. 
1814. Also Thomson's Annals, vol. v. p. 199. 

. On the Mineralogy of the Red Head in Angus-shire. (Wer. Soc. Mem., vol. ii. p. 339. 
—Read 4th Feb. 1815.) 
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Observations on the Junction of the Fresh Water of Rivers with the Salt Water of the 
Sea. (Royal Society of Edin. Trans., vol. viii. p. 507.—Read 17th June 1816.) 

Hybernation of Animals. (Hdinburgh Encyclopedia, 1817.) 

On the Transpiration of Dew-like Drops on Leaves of Corn. (Wer. Soc. Pro., vol. iii. 
p- 528.—Read 4th April 1818.) 

Observations on the Mineralogy of the Neighbourhood of Cork. (Wer. Soc. Mem., 
vol. iii. p. 88.—Read 2d May 1818.) 

Review of Knight’s Theory of the Earth. (Hdin. Monthly Review, vol.i. p. 340; March 
1819.) 

Review of the Cornwall Geological Transactions. (Hd. Mon. Rev., vol. i. p. 395; 
April 1849.) 

On the Arctic and Skua Gulls. (Edin. Phil. Jour., vol. i. p. 97; June 1819.) 

Review of Savigny on the Invertebrate Animals. (Hd. Mon. Rev., vol. ii. p. 391; 
Oct. 1819.) 

Ichthyology, Article on, in Edinburgh Encyclopedia. 1819. 

Review on the Mammoth or Fossil Elephant found in Siberia. (Hd. Mon. Rev., 
vol. ii. p. 525; Nov. 1819.) 

On the Water-Rail. (Wer. Soc. Mem., vol. iii. p. 174.—Read Nov. 27, 1819.) 

On the Changes of Colour in the Feathers of Birds independent of Moulting. (d. 
Phil. Jour., vol. ii. p. 271; Dec. 1819.) 

Observations on the Natural History of the Sertularia gelatinosa of Pallas. (Ed. Phil. 
Jour., vol. ii. p. 82; 1820.) 

Review of Samaulle’s Entomologist’s Compendium. (Hd. Mon. Rev., vol. iii. p. 146 ; 
Feb. 1820.) 

Insecta, Article in Edinburgh Encyclopedia, 1820. 

Review of Macculloch’s Western Islands. (Hd. Mon. Rev., vol. iii. p. 255; March 
1820.) 

Helminthology, Article in Hdinburgh Encyclopedia. 1820. 

Review of Lamarck’s Invertebrate Animals. (Hd. Mon. Rev., vol. iii. p. 403; April 
1820.) 

Review of Scoresby’s Arctic Regions. (Hd. Mon. Rev., vol. iii. p. 609 ; June 1820.) 

Review of the Transactions of Linnean Society, 12 volumes. (Hd. Mon. Rev., vol. iii. 
p. 87; July 1820.) 

Review of Humboldt’s Personal Narrative. (Hd. Mon. Rev., vol. iv. p. 262; Sept. 
1820.) 

On the British Species of the Genus Beroe. (Wer. Soc. Mem., vol. ii. p. 400.—Read 
18th Nov. 1820.) 

Review of Atkinson’s Ornithology. (Hd. Mon. Rev., vol. v. p. 648; June 1821.) 

38 a. On a Remarkable Plant of the Order Fungi, found growing in a Solution of Succinate 

39. 

40. 

of Ammonia. (Hd. Phil. Jour., vol. v. p. 164. 1821.) 

Philosophy of Zoology. . Published 1822. | 

Review of Parry’s Expedition. (New Ed. Rev., vol. i. p. 186; July 1821.) 

41, Review of Hooker’s Flora Scotica. (New Ed. Rev., vol. i. p. 467; Oct. 1821.) 
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Observations on the Sertularia cuscuta, of Ellis, and on a New Species of Vorticella 
called Coalita. (Wer. Soc. Mem., vol. iv. p. 485.—Read March 8, 1823.) 

On a Reversed Species of Fusus (f. retroversus). (Wer. Soc. Mem., vol. iv. p. 498.— 
Read 5th April 1823.) 

Observations on some Species of the Genus Vermculum of Montagu. (Wer. Soc. 
Mem., vol. iv. p. 564.—Read April 5, 1823.) 

Gleanings of Natural History during a Voyage in 1821. (Hd. Phil. Jour., vol. viii. 
p. 294; 16th April 1823.) 

Gleanings of Natural History during a Voyage in 1821. (Hd. Phil. Jour., vol. ix. 
p. 248; Oct. 1823.) 

Gleanings of Natural History during a Voyage in 1821. (Ed. Phil. Jour., vol. x. p. 95; 
Jan. 1824.) 

Description of Plumularia bullata, a New Species, collected by the Arctic Expedition 
under Captain Parry in Hudson’s Straits in 1821. (Wer. Soc. Mem., vol. v. p. 303. 
—Read 20th March 1824.) 

On a New British Species of Spatangus (ovatus). (Wer. Soc. Mem., vol. v. p. 287.— 
Kead 21st March 1824.) 

On the Distribution of British Animals. (Hd. Phil. Jour., vol. xi. p. 287; Oct. 1824.) 

Remarks on the Modern Strata. (Hd. Phil. Jour., vol. xii. p. 116; Jan. 1825.) 

On the Neptunian Formation of Siliceous Stalactites. (Brewster's Jour., vol. ii. p. 307. 
—Read at Royal Society of Edinburgh, 7th March 1825.) 

On British Testaceous Annelides. (Ed. Phil. Jour., vol. xii. p. 238; April 1825.) 

On the Defoliation of Trees. (Brewster's Jour., vol. iv. p. 72; 1826.) 

The Geological Deluge, as interpreted by Baron Cuvier and Professor Buckland, in- 
consistent with the Testimony of Moses and the Phenomena of Nature. (Hd. Phil. 
Jour., vol. xiv. p. 205 ; April 1826.) 

Remarks on the Genus Scissurella of M. D’Orbigny ; with a Description of a Recent 
Species. (Wer. Soc. Mem., vol. vi. p. 384.—Read 19th May 1827.) 

British Animals. Published 1828. 

Remarks on the Evidence from the Animal Kingdom tending to prove that the Arctic 
Regions formerly enjoyed a Milder Climate. (Hd. Phil. Jour., vol. vi., 2d series, 
p. 277; March 1829.) 

Additional Remarks on the Climate of the Arctic Regions, in answer to Mr Conybeare. 
(Ed. Phil. Jour., vol. viii. p. 65; October 1829.) 

Review on ‘Systems and Methods in Natural History,” by J. E. Bicheno, Esq, Lin- 
nean Transactions, 1829. (Quart. Rev., vol. xli. p. 802; 1829.) 

Notice of a Submarine Forest in Largo Bay, in the Firth of Forth. (Brande’s Jour. ; 
March 1830.) 

On the Superposition of Strata on the Banks of the pee (Wer. Soc. Mem., vol. vi. 
p- 577.—Read 1st May 1830.) 

On the Occurrence of the Scales of Vertebrated Animals in the Old Red Sandstone of 
Fifeshire. (Wer. Soc. Pro., vol. vi. p. 577.—Read Ist May 1830. Cheek’s Ed. Jour. 
of Nat. and Geographical Science, vol. ii. p. 81.) 

Reply to Mr Macleay’s Attack on the Dichotomous System. (L:, L., and D. Phil. Jour., 
vol. vii.; July 1830.) - 
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Observations tending to establish the Identity of the Deal Fish of Orkney with the 
Vaagmaer of Iceland. (Mag. of Nat. Hist., vol. iv. p. 215 ; Ist Feb. 1831.) 

Notice of the Remains of a Fish found connected with a Bed of Coal at Clackmannan. 
(Ed. Phil. Jour., vol. xix. p. 8314; 1835.) 

On a Bed of Fossil Shells on the Banks of the Forth. (Wer. Soc. Pro., vol. vii. p.474. 
—Read 7th Feb. 1835.) ‘ 

Mollusca, Article on, in Encyclopedia Britannica. 1837. 

Remarks on the Trap-rocks of Fife. (‘ Geological Society of London,” Lond. and 
Edin. Phil. Jour., vol. xiv. p. 147; dth Dec. 1838.): : 

On a Vein of Animal Origin occurring on a Reef of Rocks called Skerryvore, on the 
West of Scotland.—(Read at Aberdeen Natural History Society, 7th Feb. 1840.) 

On the Geology of Aberdeen. (Read at Aberdeen Natural History Society, 1840.) 

On a New Species of Skate. (Hd. Phil. Jour., vol. xxxi. p. 236 ; 1841.) 

On Mr Thom’s Method of Purifying Moss-water by Filtration through pounded Amyg- 
daloid. (Read at Aberdeen Natural History Society, 1841.) 

On the Act relating to Weights and Measures, (Read at Aberdeen Natural History 
Society, 1842.) : 

On the Glaciers of Switzerland. (Read at Aberdeen Natural History Society, 1843.) 

On the Expediency of forming Harbours of Refuge between the Moray Firth and 
Firth of Forth. (Hd. Phil. Jour., vol. xxxiv. p. 306 ; 1843.) 

On Crystallization. (Read at Aberdeen Natural History Society, 1844.) 

Review of Gould’s Birds of Australia. (North Brit. Rev., vol. i.; August 1844.) | 

Review of Dana’s Mineralogy. (North Brit. Rev., vol. ii. p. 297 ; Feb. 1845.) 

Review of the Memoirs of Wiliam Smith, LL.D. (North British Review, vol. iv. 
p- 96; Nov. 1845.) 

Remarks on certain Grooved Surfaces of Rock on Arthur Seat. (Roy, Soc. of Ed. Pro., 
p. 67.—Read 2d Feb. 1846.) 

On the recent Scottish Madrepores ; with Remarks on the Characteristics of the Extinct 
Races. (Hd. Phil. Jour., vol. xli. p. 203; 2d March 1846.) 

Two Verbal Notices,—Ils¢, On the Geology of Arthur Seat; and, 2d, On the Dentition 
of the Walrus. (Roy. Soc. Pro., vol. 1. p. 98.—Read 20th April 1846.) 

84a. Institutes of Natural Science. October 1846. 

85. 

86. 

87. 

88. 

89. 

90. 

Notes on the Superficial Strata of Edinburgh. (Roy. Soc. Pro., vol. ii. p. 111.—Read 
4th Jan. 1847.) 

On the Defoliation of Trees. (‘‘ Edin. Botanical Society,” Annals Nat. Hist., vol. xix, 
p- 277.—Read 11th Feb. 1847.) 

Verbal Communication on Fossils of the Lias Formation from South Africa. (Roy. 
Soc. Pro., vol. ii. p. 183.—Read 5th April 1847.) 

Geological Notices. (Roy. Soc. Pro., vol. ii. p. 159.—Read 17th Jan. 1848.) 

On the Anthracite of the Calton Hill. (Roy. Soc. Pro., vol. ii. p. 175.—Read 20th 
March 1848.) 

| 

Remarks on Marine Vegetation in Hstuaries. (Ed. Bot. Soc.,” Annals Nat. Hist., vol. ii. 
p- 167.—Read 11th May 1848.) . 
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An Address on the Present State and Capabilities of the Royal Physical Society. 
(Roy. Phy. Soc. Minutes—Read Tth Nov. 1848.) 

The Zoology of the Bass Rock. Published 1848. 

Verbal Notice of Siliceous Stalactites on Arthur Seat. (oy. Soc. Pro., vol. ii. p. 216. 
—Read 15th Jan. 1849.) 

Remarks on the Origin of Plants, and on the Physical and Geographical Distribution 
of Species. (“ Hdin. Bot. Soc.,” Ann. Nat. Hist., vol. iv. p. 202.—Read 14th June 
1849.) 

Verbal Geological Notices. (Roy. Soc. Pro., vol. ii. p. 219; Sth Feb. 1849.) 

On the Fossil Oxen of the United Kingdom. (oy. Phy. Soc. Min—Read 14th Feb. 
1849.) 

On the Occurrence of the Alasmodon margaritifer in Zetland. (Roy. Phy. Soc. Min. 
—Read 15th Feb. 1849.) 

On the Occurrrence of Holothuria squamata of Miller in Zetland. (Roy. Phy. Soc. 
Min.—Read 14th March 1849.) 

On the Remains of the Epidermis of the Mytilus crassus from the Carboniferous Lime- 
stone. (oy. Phy. Soc. Min.—Read 11th April 1849.) 

100. On a Simple Form of Rain-Gauge. (Roy. Soc. Pro., vol. ii. p. 234.—Read 16th April 
1849.) 

101. As President of the Royal Physical Society, read an Address, having reference princi- 
pally to the Defective State of the Public Museums of Kdinburgh—(Read 14th Nov. 
1849.) 

102. An Account of Different Forms of Marine Dredges. (Roy. Phy. Soc. Min.—Read 
12th December 1849. 

103. Remarks on the Velvet-like Periostracum of Trigonia ventricosa of Gray. (Roy. Phy. 
Soc. Min.—Read 27th February 1850.) 

104. Exhibited and described a Specimen of Detopeta Pulchella of Stephens from Aber- 
deenshire. (Roy. Phy. Soc. Min.—Read 27th February 1850.) 

105. On the Geology of Edinburgh. (Roy. Phy. Soc. Min.—Read 10th April 1850.) 

106. On the Physical and Scottish Statutory Limits of Sea and River as applicable to 
Salmon Fisheries. (fey. Soc. Pro., vol. 11. p. 383.—Read 15th April 1850.) 

107. Introductory Lecture on Natural Science, delivered at the Opening of the New College, 
Edinburgh, 8th November 1850. 

108. The Temperature of the Seasons. Published January 1851. 

109. Review on the Geology of the Surface and Agriculture. (North Brit. Rev., vol. xvi. 
p- 890; February 1852.) 

110. On the Injurious Effects of Cedar Wood Cabinets, (Roy. Phy. Soc. Min.; Ed. Phil. 
Jour., vol. iii. p. 185, 3d series.—Read 11th December 1852.) 

111. On the Structural Character of Rocks—Part Ist. (Roy. Soc. Pro., vol. iii. p. 169.— 
Read 7th February 1853.) 

112. On the Mineralogy of the Neighbourhood of Edinburgh. (Loy. Phy. Soc. Min.—Read 
9th April 1853.) 

118. On the Structural Character of Rocks—Part 2d. (Hoy. Soc. Pro., vol. iii. p. 197.— 
Read 18th April 1853.) 
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Notice of an Attempt to Naturalize the Crawfish (Astacus fluviatilis) in the South ot 
Scotland. (Roy. Phy. Soc. Min.—Read 23d November 1853. Also Ed. Phil. Jour., 
vol. lvi. p. 136.) 

What is Coal? (Roy. Soc. Pro., vol. ili. p. 216.—Read 16th J anuary 1854.) 

What are the Characteristics of Parrot or Cannel Coal? (Roy. Phy. Soc. Min — 
Read 22d February 1854.) 

Review on Botanical Geography. (North Brit. Rev., vol. xx. p. 501; February 1854.) 

On certain Vegetable Organisms in the Old Red Sandstone. (Roy. Phy. Soc. Min.— 
Read 19th April 1854.) 

On the Structural Character of Rocks—Part 3d. (Roy. Soc. Pro., vol. iii. p. 268.— 
Read 18th December 1854.) 

Remarks on Rain-Gauges, with a view to secure Conformable Observations. Roy. 
Phy. Soc. Min.—Read 25th April 1855.) 

Remarks on the Coal Plant called Stigmaria. (Roy. Soc. Pro., vol. iii. p. 316.—Read 
30th April 1855. Also Hd. Phil. Jour., vol. ii. p. 189.) 

Remarks on the Calamite and Sternbergia of the Carboniferous Epoch. (Ed. Phil. 
Jour., vol. ii., 3d series, p. 205; 14th June 1855.) 

On the Different Branches of Natural History, the Chairs which have been instituted 
for their Illustration, and the Manner in which they should be Subordinated. (£d. 
Phil. Jour., vol. iii., 3d series, p. 125.—Read before the British Association at Glas- 
gow, 13th September 1855.) 

An Opening Address to the Royal Physical Society. (Roy. Phy. Soc. Min.—Read 
November 28, 1855.) 

On the State and Prospects of the Scottish Meteorological Association. (Literary 
Spectator. 1856.) 

On the Duration of the Life of Plants. (Bot. Soc. Pro.; June 1856.) 

On the Collection of Rain-Water for Domestic purposes. (Literary Spectator. 1856.) 

On the Chalk-Flints of the Firth of Forth. (Roy. Phy. Soc. Min.—Read 22d April 
1857.) 

The Lithology of Edinburgh. In the press at the date of his lamented death, 18th 
November 1857. Edited by the Rev. Mr Duns of Torphichen, with a Memoir. Pub- 
lished by Kennedy, 1859. 
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XXXI.—On the Constitution of Anthracene or Paranaphthaline, and some of its 
Products of Decomposition. By Tuomas AnpERson, M.D., F.R.S.E., Professor 

of Chemistry in the University of Glasgow. 

(Read 29th April 1861.) 

The solid compounds of carbon and hydrogen form a class of substances to 

which chemists have scarcely, as yet, paid that attention which their importance 

and interest appear to merit. With the exception of naphthaline, very little is 

known regarding them, and it is remarkable that the numerous and varied 

products of decomposition obtained from that singular substance should not have 

induced a more minute examination of the kindred compounds, whose existence 

has been indicated by different chemists. The interest attaching to these com- 

pounds is all the greater because, according to their discoverers, several of them 

are isomeric, or at least polymeric, with naphthaline ; and a more careful exami- 

nation of them might be expected to throw some light on their intimate consti- 

tution, and relations to that body. 

Not less than five substances said to be polymeric with naphthaline have - 

been described. These are paranaphthaline or anthracene, metanaphthaline or 

retisterene, pyrene, and two substances not yet named, which occur along with 

benzine and benzophenone among the products of the destructive distillation of 

benzoate of lime, and are apparently quite distinct from one another and the 

other three. All of these substances, except naphthaline, have hitherto been 

obtained in small, and some of them in very minute quantity, so that their con- 

stitution has been in most instances fixed by analysis alone; and the difficulties 

attending the analysis of highly carbonaceous compounds at the time they were 

made, as well as the absence of any control derived from the examination of 

their products of decomposition, have naturally occasioned some doubts as to the 

accuracy of the formule assigned to them. 

Paranaphthaline or anthracene, which was discovered by Dumas and LauRENT 

in the year 1832,* is the only one of these substances whose examination has 

extended beyond the mere analysis; and the determination of its vapour density 

by the former chemist gave for it the formula C,, H,,, which the examination of 

some of its decomposition products by the latter was supposed to confirm. A 

critical examination of LAURENT’s experiments by no means bears out this 

opinion. They are in many respects extremely imperfect, have obviously been 

* Annales de Chemie et de Physique, vol. 1. p, 187. 

VOL. XXII. PART III. 8P 



682 PROFESSOR T. ANDERSON ON THE 

made on avery small quantity of material, and the formule (mostly deduced 

from a single analysis) are so improbable, that there can be but one opinion as to 

the necessity for submitting the subject to a further investigation. 

Anthracene, as is well known from the observations of Dumas and LAURENT, 

is met with only among the latter portions of the distillation of coal-tar. It has 

been little seen by chemists, because hitherto the distillation has not generally 

been pushed so far as to yield it in quantity ; but during the last few years, the 

demand for the asphalt and the higher oils having increased, the distillation has 

been carried further, and it has been found abundantly in some of the products, 

and even been used in the manufacture of machinery grease. I have availed my- 

self of the opportunity which a large supply afforded of extending the examina- 

tion of anthracene, and with the result of showing that its constitution differs 

from that attributed to it by its discoverers, and that it is not polymeric with 

naphthaline. 

Before entering on the details of my own experiments, it may be advisable to 

recapitulate shortly the history of the substance. As already stated, it was 

discovered by Dumas and Laurent, working in concert, in 1832, and described 

by the former chemist, who attributed to it the formula C,, H,,, with which his 

results corresponded very closely. In 1835 Laurenr* described, under the name 

of paranaphthalese, a compound for which he gives the formula C,, H, O,, and he 

appears to have considered it to be a direct product of the action of nitric acid on 

anthracene. In a subsequent paper} he extends his investigation in this direc- 

tion, and describes no less than five different nitro-compounds, and assigns to 

them very problematical formule. In this paper he again refers to paranaph- 

thalese, but under the name of anthracenuse, giving for it the formula C,, H, O;, 

and stating that it is not a product of the direct action of nitric acid on anthracene, 

but formed by the decomposition of a nitro-compound, in a manner precisely 

similar to that in which naphthase is obtained from nitronaphthaline. He men- 

tions that a substance of similar properties is obtained from several of the nitro- 

compounds he prepared, but leaves it an open question whether it is in all cases 

the same, or whether it differs in constitution according to the nitro-compound 

from which it is produced. He also describes a chlorine substitution product, 

and adopts the name of anthracene ; a change even then advisable, and which the 

results of my investigation show to be quite indispensable. 

Crude anthracene is in the form of a soft yellow mass, not unlike palm oil, but 

with a greenish tinge and harder consistence; in this state, it contains a little 

naphthaline and a considerable quantity of oil of high boiling point, which causes 

it to leave a greasy stain on paper, and to melt easily when rubbed between the 

fingers. It has a decided though not a strong smell, due partly to the naphthaline, 

* Annales de Chemie et de Physique, vol. lx. p, 220. t Ibid., vol. Ixxii. p. 415. 
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but still more to the oil with which it is contaminated, and which it loses on purifi- 

cation. It is soluble, though not abundantly, in alcohol, but dissolves with toler- 

able facility in ether, turpentine, and still better in benzole. Methylated spirit 

was in the first instance used for its purification, and the first solution, on cooling, 

deposited thick oily globules, along with a small quantity of crystals; but after 

several successive quantities of spirit had been used, crystals were deposited free 

from oil, but still retaining the yellow colour of the original substance, and appa- 
rently, owing to the removal of the oil, they were much less soluble in new 

quantities of spirit. By repeated crystallisations, it was found possible to obtain 

the anthracene quite colourless; but the process was too tedious to be employed 

for preparing it on the larger scales. Other solvents, and more particularly 

benzole, were likewise tried ; but, though preferable, the complete removal of the 

colouring matter is difficult with them also, and it was found necessary to com- 

mence by distilling the crude substance in a small iron still. The first portions 

which passed over during the process contained much naphthaline and oil, but 

they were quite free from colour. As the distillation proceeded, however, the 

colour gradually increased, and at the end a small quantity of a dark green 

substance remained in the retort. The first portions of the distillate were pressed 

to remove the oil, and the last portions redistilled so as to get rid of the colour 

as completely as possible, and the purification finished by repeated crystallisation 

from benzole, and sometimes by sublimation. 

Anthracene is deposited from its solutions in perfectly colourless scales, — 

generally of very small size even when large solutions have been allowed to cool. 

Those obtained from spirit are generally the best, and when suspended in the 

solution have a fine satiny lustre, which they lose to some extent when dried. 

From benzole its crystals are somewhat granular, and less brilliant in appear- 

ance. By sublimation, it is got in thin plates resembling those of naphthaline, 

but smaller and of inferior lustre. When quite pure it has no smell, but it is 

apt to retain a trace of oil, which communicates to it a faint empyreumatic odour. 

It is entirely devoid oftaste. It is not volatile at ordinary temperatures, but is 

slowly volatilised in the water bath. At higher temperatures it sublimes freely. 

It melts at 416° F. into a transparent colourless fluid, which, on cooling, solidifies 

into a foliated crystalline mass, and at a higher temperature distils unchanged. 

It is insoluble in water, sparingly soluble in alcohol, but more so in ether, benzole, 

and the volatile oils. The alkalies are without action upon it, but sulphuric acid 

dissolves it, and acquires a green colour, with the formation of a sulpho-acid; and 

nitric acid, even when moderately dilute, acts rapidly upon it. Chlorine and 

bromine form substitution products. 

The analysis of anthracene at first presented some difficulties. When oxide 

of copper was employed in the usual way, the carbon was always deficient, while 

chromate of lead gave an accurate result with that element, but a marked excess 
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on the hydrogen.* Oxide of copper and chlorate of potash were therefore resorted 
to, and with success. The results are :— 

16:250 grains of carbonic acid, and 
2°435 grains of water. 

4-546 grains of anthracene gave 
Ji 

-4:715 grains of anthracene gave 
1G 

15720 grains of carbonic acid, 
2°420 grains of water. 

4-975 grains of anthracene gave 
III. ¢ 17-180 grains of carbonic acid, and 

2°650 grains of water, 

Experiment. Mean. Calculation. 

I, II, III. 

Carbon, . . 9400 9431 9418 94-16 94:38 ©,, 168 
Hydrogen, . 5°74 5-91 5-92 5°85 662 .H,, 10 

99°74 100-22 10010 100°01 100-00 178 

The results correspond exactly with the formula C,, H,,. This is precisely the 
constitution of a substance described some years since by FritscHEt asa new 

carbo-hydrogen, obtained from coal-tar, with which also its properties closely 

agree. A careful comparison of the two substances made by Professor FritscHE 

and myself, during a visit he paid to Glasgow some time since, satisfied us that 

his substance really is anthracene. ‘The picric-acid compounds of the two are 

completely identical, and have a fine ruby-red colour, which distinguishes it from 

those obtained from the other carbo-hydrogens. An analysis of the compound 

obtained from anthracene gave— 

5:120 grains of picrate of anthracene gave 
11-016 grains of carbonic acid and 
1:629 grains of water. 

Experiment. Calculation. 
a 

Carbon, . : ¢ : ; 58-71 58:97 C,, 240 
Hydrogen, : : 5 : 3°54 Sele EES As 
Nitrogen, : : : : sie 6:88. N, . 42 
Oxygen, . : : : : 5a 30:98 O,, 112 

100-00 407 

This corresponds with the formula C,, H,,+C,, H; (NO,); O., which is that given 

by Fritscue for his compound. 

* J have had frequent occasion to observe, that in the analysis of carbo-hydrogens with chromate 
of lead a considerable excess of hydrogen is often obtained. 1 at first attributed this to impurities 
in the chromate, but analyses made with a pure material, specially made for the purpose, showed 
the same excess. I have not examined into the cause of this phenomenon. 

+ Erdmans Journal fiir Practische Chemie, vol. lxxiii. p. 282. 
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Action of Nitric Acid on Anthracene. 

Anthracene is but little acted on by cold nitric acid, but the boiling acid, even 

when moderately dilute, attacks it with considerable rapidity, and the products 

depend upon the strength of the acid and the length of time during which the 
action is continued. 

Oxanthracene.—When anthracene is boiled for some days with nitric acid of 

SG. 1:2, red fumes are evolved, and a resinous mass is obtained, which becomes 

hard and gritty in cooling. The same change may be more rapidly effected with 

acid of SG. 1:4, but the product is then liable to be contaminated with some other 

compounds. The substance was washed with water, and purified by crystal- 

lisation from alcohol or benzole. It is then obtained in crystals, which, when 

deposited from alcohol, are long silky needles, but from benzole are shorter and 

more compact. They have a light buff colour, have neither taste nor smell, 

and are insoluble in water, sparingly soluble in alcohol, and more so in benzole. 

They are completely soluble in boiling nitric acid of SG. 1-4, and are deposited 

unchanged on cooling. Concentrated sulphuric acid in the cold dissolves them 

with an orange colour, which becomes deep red on heating, and on dilution with 

water the oxanthracene is deposited unchanged. It sublimes when heated, and 

is deposited unaltered in fine needles of considerable length. It may be distilled 

without decomposition over quick-lime. Its volatility may be taken advantage 

of as a means of preparing it, as it is only necessary to boil anthracene in a 

retort with nitric acid, and to continue the heat until the acid has distilled over 

and the oxanthracene sublimes, any other compounds formed at the same time 

being decomposed. It contains no nitrogen, and analysis gave the following 

results :— 

4600 grains of oxanthracene gave 
I.< 13°525 grains of carbonic acid and 

1:670 grains of water. 

14-770 grains of carbonic acid and 
1-760 grains of water. 

4-600 grains of oxanthracene gave 
II. 

4:987 grains of oxanthracene gave 
JO 

13-600 grains of carbonic acid and 
1-650 grains of water, 

Experiment. Calculation. 
AGT hla tll Lonnie a 

ip Il. iil. 

Capbonjson Te Pee lon ween Yo-80638 osor77r ies: 68 
Hydrogen, .- : 3°99 3°92 3:99 3°85 iis 8 
Oxygen, : : 15°82 15°31 15°38 15°38 O, 32 

100:°00 100:00 100-00 100-00 208 

Its formula, therefore, is C,, H, O,, and it is derived from anthracene by the 
VOL. XXII. PART IIL. 8a 
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removal of two equivalents of hydrogen, and the addition of four of oxygen. It 

belongs to a class of substances of which there are very few examples, and for 

which we have no satisfactory system of nomenclature. I have given it the pro- 

visional name of Oxanthracene, as recalling its mode of formation. 

Binitroxanthracene—When anthracene was boiled for a long time with nitric 

acid, with occasional additions of fuming acid, red fumes continued to be given off, 

and a resinous substance was gradually produced. The substance was washed 

with water and dried. It appeared to be a mixture of some of the last substance 

with a new compound, which was obtained by heating it with a small quantity 

of alcohol, and cooling. It is deposited as a red powder which shows but little 

disposition to crystallise. A combustion gave— 

4-907 grains of nitro-binitroxanthracene gave 
10-558 grains of carbonic acid, and 
1:210 grains of water. 

Experiment. 

Carbon, ’ 4 : 58:66 56°37 oe 168 
Hydrogen, . , i 2°73 2:02 H, 6 
Nitrogen, . : : sia 9:40 N, 92 
Oxygen, : : : cee 32°21 OF 32 

100-00 298 

This isa distant approximation to the formula C,; H; (NO,), O,, and it is probable 

that this is its constitution; but as its properties showed nothing of interest, I 

did not prosecute its purification further. 

Anthracenic Acid—When the nitric acid and the washings of the preceding 

compound are carefully evaporated in the water-bath, a yellow crystalline acid, 

to which I give this name, is obtained. It is very soluble in water, and gives 

crystallisable salts with ammonia and potash, and precipitates the salts of lead 

and baryta. I reserve the further investigation of this substance for a future 

communication. 

Action of Bromine on Anthracene. 

Bromine acts somewhat slowly upon anthracene in the cold. When mixed 

together, they concrete into a resinous-looking mass, the interior of which is not 

completely saturated with bromine, and it was found most convenient to expose 

the anthracene in a thin layer under a bell glass, along with a capsule containing 

bromine. After a day or two’s exposure, the anthracene has agglutinated into a 

mass which must be removed, reduced to powder, and reintroduced; and this is 

repeated as long as bromine is absorbed. This mass, which has a brown colour, 

dissolves in benzole, and on cooling deposits hexabrom-anthracene in crystals, 

which are purified by solution in benzole or ether. It is thus obtained in small 

hard white granular crystals, apparently rhomboidal. They are sparingly soluble 

in alcohol, ether, and benzole. Nitric acid acts upon them but slightly. When 
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heated with strong sulphuric acid they fuse, and bromine and hydrobromic acid 

are expelled. On digestion with alcoholic potash they immediately become 

yellow, and are converted into another compound. When heated to 348° F. 

they become brown, and at 361° fuse and give off bromine. Analysis gave the 

following results :— 

4:990 grains of carbonic acid, and 
5'313 grains of sexbromide of anthracene gave 

I 
0:°760 grains of water. 

6°159 grains of sexbromide of anthracene gave 
5°835 grains of carbonic acid, and 
0-880 grains of water. 

II 

5-652 grains of sexbromide of anthracene gave 
III.< 5-310 grains of carbonic acid, and 

1-730 grains of water. 

7°540 grains of sexbromide of anthracene gave 
. 12°818 grains of bromide of silver. 

Experiment. Calculation. 

ee ~ 

I. Il. III, Iv. 
Carbon, ‘ : 25°62 25°84 25°62 e 25:53 C,, 168 
Hydrogen, . A 1:59 1:59 1:72 oe Progr dt 4 ho 
Bromine, : ae ae 72°33 72°95 Br, 486 

100-00 658 

The formula is C,, H,, Br,, and the substance is produced by the direct absorption — 

of six equivalents of bromine. 

Quadribrominated Anthracene.—W hen the preceding compound is treated with 

an alcoholic solution of potash, it swells up considerably and acquires a bright 

sulphur-yellow colour, and the solution contains bromide of potassium. This 

change occurs in the cold, but it is more convenient to heat the solution. The 

yellow powder is collected on a filter, washed, dried, and crystallised from 

boiling benzole. It is thus obtained in long yellow needles, having a fine silky 

lustre. It is very sparingly soluble in cold alcohol, ether, and benzole—more 

so when hot. Boiling benzole is its best solvent, but even of this it requires above 

a hundred times its weight. It fuses at 460°, and gives a dark coloured mass, 

which has undergone partial decomposition. The portions used for analysis 

were crystallised from benzole, and then washed with ether :— 

6-400 grains of acid, and 
5°110 grains of quadribrominated anthracene gave 

i; 
0°780 grains of water. 

6:250 grains of carbonic acid, and 
5021 grains of quadrobrominated anthracene gave 

1G 
0°750 grains of water. 

6°560 grains of carbonic acid, and 
5-271 grains of quadribrominated anthracene gave 

III. 
0:°792 grains of water. 
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I II. III, 

Carbon, ‘ ‘ ‘ 34:16 33°94 33°95 33°87 C, 168 
Hydrogen, . : : 1:39 1-66 1-66 Pol oe 8 
Bromine, : : : Aa ti an 64:52 Br, 320 

100:00 496 

This gives for the constitution of the compound C,, H, Br, a somewhat un- 

usual formula, differing from that of most similar compounds. In general, when 

a bromide or chloride of an organic compound is treated with potash, one half of 

the haloid is removed in combination with hydrogen, the remainder passing into 

the radical. In this case, however, only two equivalents of hydrogen are removed, 

and the formula of the compound ought in all probability to be written C., H; 

Br, + Br,. 

Action of Chlorine on Anthracene. 

The examination of the compounds produced by the action of chlorine on 

anthracene is attended with some difficulty, the changes occurring being of a 

somewhat complicated kind; more than one substance being generally obtained, 

and the nature and proportion of the products depending very greatly on the 

circumstances of the experiment. Chlorine is readily absorbed by anthracene in 

the cold; and if the current is rapid it becomes warm, gives off hydrochloric acid 

in abundance, and is eventually converted into a hard cake. If the chlorine be 

passed through it in a slow current, the evolution of hydrochloric acid is greatly 

diminished, although it cannot be altogether avoided ; and when this is done, 

and the chlorine is not continued too long, the principal product is bichloride of 

anthracene. 

Bichloride of Anthracene.—The mass obtained by the action of chlorine dis- 

solves readily in benzole, and on cooling, groups of radicated needles, often of 

considerable length, are deposited. The bichloride is readily soluble in alcohol, 

but only very sparingly in ether. When crystallised from alcohol, it is very 

liable to lose hydrochloric acid, and this change always takes place to some 

extent, which causes a slight excess of carbon and deficiency of chlorine in 

analyses :— 

12-564 grains of carbonic acid, and 
5:074 grains of bichloride of anthracene gave 

if 
1-795 grains of water. 

f 4614 grains of bichloride of anthracene gave 
II. 4 11-524 grains of carbonic acid, and 

1-717 grains of water. 

Tin. J 4-474 grains of bichloride of anthracene gave 
*{ 5:14 grains of chloride of silver. 
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Experiment, 

689 

Calculation. 

Ti ae 1. 
Carbon, 67:53 68-11 67:47 C,, 168 
Hydrogen, 3:93 4:13 me 402 ,, 10 
Chlorine, 28°40 28:51 Cl,» Fl 

100-00 249 

corresponding very closely with the formula C,, Hy) Cl. 

Chloranthracene.—When anthracene is treated with a rapid current of chlo- 

rine continued for a short time only, this compound is produced. It may also 

be obtained by decomposing the preceding substance with alcoholic potash. It 

is soluble in alcohol, ether, and benzole, from the last of which solutions it is 

deposited in small hard scaly crystals. Analysis gave the following numbers :— 

4:285 grains of chloranthracene gave 
12°375 grains of carbonic acid, and 
1-720 grains of water. 

Iixperiment. Calculation. 
SE 

Carbon, 78°74 79:06 C,, 168 
Hydrogen, 4°46 4:24 s 9 
Chlorine, 16:70 Cl 35°5 

: 100°00 212°5 

The formula, therefore, is C,, H, Cl. 

When chlorine is passed over anthracene kept hot, it is absorbed in much 

larger quantity, and hydrochloric acid is abundantly evolved. The compounds 

thus obtained depend entirely on the length of time during which the current is 

continued, and products analysed at different periods were found to contain very 

different quantities of carbon and chlorine; and as the substances produced 

differ little in solubility, it was found difficult to effect their separation. When 

the chlorine is continued for about eight days, the product is semisolid, and the 

greater part dissolves easily in cold ether; and when this solution is evaporated, 

first an oily chloride and then crystals are deposited. The crystals are soluble in 

benzole, alcohol, and ether, and were found to have the following composition :— 

5°558 grains of chlorine compound gave 
9680 grains of carbonic acid, and 
1:280 grains of water. 

Hxperiment. Calculation. 

Carbon, 47°50 ~ 47-39 Oe 168 — 
Hydrogen, 2°56 2°54 HH, 9 
Chlorine, 59:07 Cl, V7) 

100:00 3804°5 

This agrees very well with the somewhat improbable formula C,, H, Cl;, but 

it is quite possible that it may be a mixture—a point which, owing to the small 

quantity of substance at my disposal, I was unable te determine. The oily chloride 

gives more than one crystalline substance when treated with alcoholic potash. 

VOL. XXII. PART III. 8k 
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The facts now detailed are sufficient to fix the constitution of anthracene, 

and to show that its chemical relations are of considerable interest. Its formula 

connects it with certain substances derived from oil of bitter almonds; and 

more especially with stilbene, the carbo-hydrogen discovered by LAuRENT, from 

which it differs by two equivalents of hydrogen. A similar relation exists 

between oxanthracene and benzil, as is seen by the following comparison of their 

formule :— 

Anthracene,iy fyi ele.) Cea, Stilbene, sacG 
Oxanthracene, ...,... C,, 0,0, Benzil,. ta eee nO, 

These relations merit a further examination, and I propose to return to the 

subject in a subsequent paper, which will also include the results of a further in- 

vestigation of the anthracene compounds. 
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PROCEEDINGS, ée. 

Monday, November 23, 1857. 

At a Statutory General Meeting, Dr Curistison, V.P., in the Chair, the following 

Office-Bearers were duly elected :-— 

Sir T. Maxpoveatt Brispane, Bart., G.C.B., President. 

Sir Davip Brewster, K.H., 

The Very Rev. Principal Lez, 

The Right Rev. Bishop Trrxor, 

Dr CuristIson, 

Dr Atison, 

Vice-Presidents. 

Professor KELLAND, 

Professor Forges, General Secretary. 

Dr Grecory, 

Dr J. H. Barrour, 

J.T. Gipson-Crate, Esq., Treasurer. 

Dr Doveras Macraean, Curator of Library and Museum, 

} Secretaries to the Ordinary Meetings. 

COUNCILLORS. 

Dr Macraean. Rosert Cuamsers, Esq. 

Wm. Swan, Esq. Joun Russert, Esq. 

Dr Trait. Joun Huixz Burton, Esq. 

Hon. Lord Nzaves, Davip Stevenson, Esq. 

Dr Tuomas ANDERSON. Wa. Tuos. Tuomson, Esq. 

Rev. Dr Hopson. Dr ALLMAN. 

(Signed) R. Curistison, V.P, 
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Monday, November 22, 1858. 

At a Statutory General Meeting, Dr Auison, V.P., in the Chair, the following Office- 

Bearers were duly elected :— 

Sir T. Maxpoveatt BrisBane, Bart., G.C.B., President. 

Sir Davip Brewster, K.H., 

The Very Rev. Principal Lz, 

The Right Rev. Bishop Terror, 

Dr Curistison, 

Dr ALison, 

Professor KELLAND, 

Professor Forges, General Secretary. 

Dr J. H. Batrour. 

Witisam Swan, Esq. 

J. T. Grpson-Craic, Hsq., Treasurer. 

Dr Dovetas Mactacan, Curator of Library and Museum. 

Vice-Presidents. 

} Secretaries to Ordinary Meetings. 

COUNCILLORS. 

Dr Tuomas ANDERSON. Wm. Tuomas Tuomson, Esq. 

Rev. Dr Hopson. Dr ALLMAN. 

Rogert CHAMBERS, Esq. The Duxe or ARGYLL. 

JouN RussEz, Esq. AnpRrew Murray, Esq. 

J. H. Burton, Esq. Very Rev. Dean Ramsay. 

Davip Stevenson, Esq. Dr GzorcEe WItson. 

The following Gentlemen were named as Auditors :— 

James Conninenam, Esq. Joun MacKewziz, Esq. Wm. Tuomas Tuomson, Esq. 

(Signed) R. Curistison, V.P. 
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Monday, November 28, 1859. 

At a Statutory General Meeting, Dr Curisrison, V.P., in the Chair, and afterwards 

Dr Macraeay, the following Office-Bearers were duly elected :— 

Sir Tuomas Maxpoucatt BrisBane, Bart., G.C.B., President. 

Sir Davip Brewster, K.H., 

The Right Rev. Bishop Tgrror, 

AGEL SUIS: Vice-Presidents. 
Professor KELLAND, 

Hon. Lord NEavEs, 

Very Rev. Dean Ramsay, 

Professor Forzes, General Secretary. 

ct ire cones OB., Secretaries to Ordinary Meetings. 

J. T. Grpson-Crate, Esq., Treasurer. 

Dr Dovetas Macragan, Curator of Library and Museum. 

COUNCILLORS. 

J. H. Burton, Esq. Rey. Dr Lee. 

Davip Stevenson, Esq. D. Mityz-Home, Esq. 

Wa. Tuomas Tuomson, Esq. Professor Cosmo Inngs. 

Dr Atiman. Dr Lowe. 

The Duke or ARGYLL. Professor W. J. M. Rankine. 

Anprew Murray, Esq. James Datmanoy, Esq. 

The following Gentlemen were then, on the motion of the Rev. Dr Lzn, appointed to 

audit the Treasurer’s accounts :— 

Joun MacKewziz, Esq. Wo. Tuomas Tuomson, Esq. Cosmo Invzs, Esq. 

(Signed) R. Curistison, V.P. 

Memorandum.— Monday, February 6, 1860.—At the Ordinary Meeting of this date, 

the following motion was made by Lord Nzavzs, and unanimously adopted :— 

That the Society, at this its first meeting after the death of Sir Tuomas Maxpoucatu BrisBANE, 
should place upon record the expression of its deep regret for that event, and its high estimate of 
the character of Sir Tuomas BrispaNne, who, besides other eminent public services, was, during a 
long life, conspicuous as a sincere lover and active promoter of, Science, and who worthily presided 
over this Society for a period of twenty-seven years. 

That an Excerpt from this Minute be sent to Sir THomas BrisBanz’s relatives. 
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Monday, February 20, 1860. 

The following Minute of the Council was taken into consideration :— 

“ The Council took into consideration the course that should be followed in consequence of the 
vacancy in the office of President, and resolved to bring this matter under the notice of the Society 
at its next Meeting, and to suggest that a Special Meeting should be called for the Election of 
President, on a day to be fixed by the Society. 

« The Council at the same time resolved to.suggest to the Society, that while the laws relative 
to the Election of Office-Bearers should remain unchanged, the footing on which the office of 
President is held should be slightly altered. 

“Hitherto the election, although taking place annually, has virtually been for life; but the 
Council venture to recommend that in future the President shall be expected to retire from Office 
after he has held it for a period of five years, and that this understanding should be recorded in the 
Minutes of the Society. 

It was resolved, on the suggestion of the Chairman, that Monday, 27th February, 

should be fixed as the day for the Election of President, and that the hour should be 3 p.m.— 

the Ballot being kept open for half an hour. It was also agreed that the Election should 

take place by One Ballot, and that each Fellow should vote by puting into the Ballot-box 

a paper containing the name of the person whom he recommended for the office of 

President. 

It was moved by Lord Nzraves, seconded by Dr Batrour, and unanimously agreed to :— 

“© That while the President, with the other Office-Bearers, should still be subject to an annual 
election, his re-election in future shall not be expected to take place after he has held office for a 
period of five years; and that this understanding shall be recorded in the Minutes of the Society.” 

The following Minute of Council was then read :— 

“‘The Council adhere to their resolution not to propose any one for the office of President, but 
‘to leave the matter in the hands of the Fellows of the Society ; and at the same time they agreed that 
the following Statement should be communicated to the Society at its Meeting on 20th February. 

** The Council, on the present occasion, deem it advisable not to recommend any one for the 
office of President, but they have no objections to hand forward to the Society the names suggested 
to them.” 

The following have already been suggested :-— 

The Duke of Areyun. Sir Davip- BREWSTER. Professor. ForBEs. 

The Council will in like manner receive and state, on the day of Meeting for election, 

any further names that may be sent in by any Fellow of the Society. 

The Society then adjourned till Monday, 27th February, at 3 p.m., when a Special 

Meeting was to be held for the Election of a President. 

(Signed) R. Curistison, V.P. 

Monday, February 29, 1860, 3 p.m. 

Special Meeting for Election of President, Lord Nravss, V.P., in the Chair. 

The Chairman stated that Professor Forpms had requested his nomination for the office 
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of President to be withdrawn. Dr Lyon Prayratr made a similar intimation on the part of 

Sir Davi BREwsTER. 

A Ballot took place,—each Fellow voting by putting into the Ballot-box a paper con- 

taining the name of the person in whose favour he gave his vote for the office of President. 

The Ballot was kept open till 34 p.m. Dr Apam Huntrer and Mr Rosert CHAMBERS 

were appointed Scrutineers ; and after examining the votes they reported that the Duke of 

Arey had been elected President. 

The Chairman then announced the election of the Duke of Arcytu as President of the 

Society ; and the Secretary was requested to intimate this to his Grace, and to transmit at 

the same time a copy of the Minute of the previous Meeting of the Society relative to the 

duration of the tenure of office. The Society adjourned. 

(Signed) R. Curistison, VP. 

Monday, November 26, 1860. 

At a Statutory General Meeting, Dr Curistison, V.P., in the Chair, the Minutes of 

General Meetings of 28th November 1859 and of 20th and 27th February 1860 were read 

and confirmed. 

The Secretary stated that the Duke of Areyxu had accepted the office of President, and 

had sent the following letter :-— 

LONDON, 29th February 1860. 

S1r,—I have the honour to acknowledge receipt of your letter of the 27th inst., intimating that 
I have been elected President of the Royal Society of Edinburgh, in room of Sir Toomas MaxpovucaLL 
BrisBANE, deceased. 

May I request you to convey to the Members of the Society an expression of my most grateful 
thanks for so high an honour, and an assurance of my desire to promote the interests of the Society 
in the position in which they have been pleased to place me.—I have the honour to be, Sir, your 
obedient Servant, (Signed) ARGYLL. 

Principal Jas. D. Fornss, Secretary, 
Royal Society, Edinburgh. 

The following letter from Principal Forprs was read by the Chairman :-— 

ST ANDREWS, 24th November 1860. 

S1r,—May I beg you to acquaint the General Meeting of the Royal Society, on Monday next, 
that I beg to withdraw from the office of General Secretary, which, through the kindness of the 
Society, I have held for nearly twenty years. : 

The causes of my removal from Edinburgh, which makes it necessary to break a connection so 
honourable and gratifying to myself, are too well known to require notice. 

I beg leave through you, Sir, to convey to the Society the cordial expression of my appreciation 
of the many marks of confidence and regard which, during so many years, I have received from the 
Society ; they are indeed such as I never shall forget. 

I hope still to be able occasionally to forward the interests of the Society as an individual 
Member. I hope sometimes to attend its Meetings, and to contribute papers.—I have the honour to 
be, Sir, your obedient Servant, (Signed) James D. Forsss. 

To the Chairman of the 
General Meeting of the Royal Society. 
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On the motion of Dr Curtstison, seconded by Dr TratrLt, it was remitted to the Council 

to prepare a reply to Principal Forsss’ letter. 

The following Office-Bearers were elected :-— 

His Grace the Duke of Arey, K.T., President. 

Sir Davip Brewster, K.H. 

Dr CuRISTISON, 

Professor KELLAND, Ware Presidents. 

Hon. Lord NeEaves, 

The Very Rev. Dean Ramsay, 

Principal Fores, 

Dr Joun Hutton Batrour, General Secretary. 

Dr Lyon Puayrarr, C.B., 

Dr Grorce JAMES ALLMAN, 

J.T. Gisson-Cratc, Esq., Treasurer. 

Dr Doveras Macraean, Curator of Library and Museum. 

} Secretaries to the Ordinary Meetings. 

. COUNCILLORS. 

Anprew Murray, Esq. James Datmanoy, Esq. 

Rev. Dr Lee. Dr Joun Brown. 

D. Mitne-Homg, Esq. Professor FRASER. 

Professor C. Innes. James Leste, Esq., C.E. 

Dr Lowe. Dr ScuiTz. 

Professor W. J. M. Rankine. Dr SELier. 

The following Gentlemen were then, on the motion of Dr Burr, appointed to audit 

the Treasurer’s Accounts :— 

Davin Situ, Esq. Wo. Tuomas THomson, Esq. Professor C. Innes. 

The Meeting then adjourned. 
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MEMBERS ELECTED. 

April 19, 1857. 

Epmunp C. Batten, Esq. (omitted in last volume.) 

December 7, 1857. 

Dr Tuomas WILLIAMSON. Dr Rosert B. Matcoum. 

Dr James Duncan. 

January 4, 1858. 

ALEXANDER Bryson, Esq. 

January 18, 1858. 

FREDERICK Fieip, Esq. 

February 1, 1858. 

James Lesiz, Esq., C.E. Professor Cosmo Innes. 

Professor A. C. FRASER. 

March 15, 1858. 

Rev. Dr STEVENSON. 

January 3, 1859. 

WituaM F. Sxene, Esq. Dr JoserH Fayrer. 
G. W. Hay, Esq. Gzrorce Rozertson, Hsq., C.E. 
Rosert RusseEtt1, Esq. Dr Lyon Puayrair, C.B. 

January 17, 1859. 

Dr Joun Brown. Professor RicHARDSON. 

February 7, 1859. 

Rev. Joun Duns. 

March 21, 1859. 

Lieut, Joun Hits. 

December 5, 1659. 

Captain Gorpon Fortone. 

January 16, 1860. 

Dr Wix1i1am Rosertson. Dr Frepirick GUTHRIE. 

J. ALFRED WaNKLYN, Esq. 

February 6, 1860. 

Professor MacDoucGaLu. 
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April 2, 1860. 

GerorGE A, Jameson, Esq. Rev. Leonarp Suarto ORpE, 

Patrick Dungeon, Esq. of Cargen. 

April 17, 1860. 

Witiram Cuamsers, Esq. of Glenormiston. 

January 7, 1861. 

W. A. F, Browne, Esq. Dr R. E. Scorespy-Jackson. 
Rev. Tuomas Brown. Dr James M‘Bain, R.N. 

Professor P. GutTuriz Tart. 

February 4, 1861. 

Joun Muir, D.C.L. Wititam Turner, M.B. 

Dr W. Lauper Linpsay. 

February 18, 1861. 

James Lorimer, Esq. 

March 4, 1861. 

ARCHIBALD GEIKIE, Esq. Witiiam Hanpysipe, Esq. 

March 18, 1861. 

GeorGE Berry, Esq. 

April 1, 1861. 

Dr Tuomas HERBERT BARKER. Ropert MacLacutiay, Esq. 

James Youne, Esq. 

April 29, 1861. 

Dr ALEXANDER Eucene Mackay, R.N. 
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LIST OF THE PRESENT ORDINARY MEMBERS. 

Corrected up to November 1, 1861. 

IN THE ORDER OF THEIR ELECTION. 

His Grack tHE DUKE OF ARGYLL, K.T., 

PRESIDENT. 

Date of 
Election. 

1808 James Wardrop, Esq., London. 

Sir David Brewster, K.H., LL.D., F.R.S. Lond., Principal of the University of Edinburgh. 

1812 James Pillans, Esq., Professor of Humanity. 

Sir George Clerk, Bart., F.R.S. Lond. 

1813 William Somerville, M.D., F.R.S. Lond. 

1815 Henry Home Drummond, Esq., of Blair-Drummond. 

William Thomas Brande, Esq., F.R.S. Lond., Professor of Chemistry in the Royal Institution. 

1816 Leonard Horner, Esq., F.R.S, Lond. 

1817 Alexander Maconochie Wellwood, Esq., of Meadowbank. 

Robert Bald, Esq., Civil Engineer. 

1818 Patrick Miller, M.D., Ezeter. 

1819 Thomas Stewart Traill, M.D., Professor of Medical Jurisprudence. 

1820 James Keith, M.D., Surgeon. 

Charles Babbage, Esq., F.R.S. Lond. 

Sir John F. W. Herschel, Bart., F.R.S. Lond. 

Dr William Macdonald, Professor of Natural History, St Andrews. 

1821 John Cay, Esq., Advocate, 

Robert Kaye Greville, LL.D. 

Robert Hamilton, M.D. 

1822 James Smith, Esq., of Jordanhill, F.R.S. Lond. 
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Date of 
Election. 

1822 William Bonar, Esq. 

George A, Walker-Arnott, LL.D., Professor of Botany, Glasgow. 

Sir James South, F.R.S. Lond. 

Sir W. C. Trevelyan, Bart., Wallington, Northumberland. 

John Russell, Esq., P.C.S. 

1823 Captain Thomas David Stuart, of the Hon. East India Company's Service. 

Andrew Fyfe, M.D., Professor of Medicine and Chemistry, King’s College, Aberdeen. 

Admiral Norwich Duff. 

Warren Hastings Anderson, Esq. 

Alexander Thomson, Esq., of Banchory. 

Liscombe John Curtis, Esq., Ingsdon House, Devonshire. 

Robert Christison, M.D., Professor of Materia Medica. 

1824 Robert E. Grant, M.D., Professor of Comparative Anatomy, University College, London. 

Rev. Dr William Muir, one of the Ministers of Edinburgh. 

James Pillans, Esq. 

James Walker, Esq., Civil Engineer. 

1825 Honourable Lord Wood, 

1827 John Gardiner Kinnear, Esq. 

James Russell, M.D. 

Very Rev. Edward Bannerman Ramsay, A.M., Camb., LL.D. 

1828 David Maclagan, M.D. 

Sir William A. Maxwell, of Calderwood, Bart. 

John Forster, Esq., Architect, Liverpool. 

Thomas Graham, A.M., Master of the Mint, London. 

David Milne-Home, Esq., Advocate. 

Dr Manson, Nottingham. 

1829 A. Colyar, Esq. 

Sir William Gibson-Craig, Bart., of Riccarton. 

Right Honourable Duncan M‘Neill, Lord Justice-General. 

Venerable Archdeacon Sinclair, Kensington. 

Arthur Connell, Esq., Professor of Chemistry, St Andrews. 

James Walker, Esq., W.S. 

1830 J. T. Gibson-Craig. Esq., W.S. 

Sir Archibald Alison, Bart., Sherif’ of Lanarkshire, 

James Syme, Esq., Professor of Clinical Surgery. 

Thomas Barnes, M.D., Carlisle. 

1831 James D. Forbes, D.C.L., F.R.S. Lond., Principal of the United College, St Andrews. 

David Boswell Reid, M.D., London. 

1832 Robert Allan, Esq., Advocate. 

Robert Morrieson, Esq., Hon. E.L.C. Civil Service. 

Montgomery Robertson, M.D. 

1833 Rear-Admiral Sir Alexander Milne, R.N. 

His Grace the Duke of Buccleuch, K.G,, Dalkeith Palace. 

David Craigie, M.D. 
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Date of 
Election. 

1833 Sir John Stuart Forbes, Bart., of Pitsligo. 

Alexander Hamilton, LL.B., W.S. 

1834 Mungo Ponton, Esq., W.S., Clifton, Bristol. 

Isaac Wilson, M.D., F.R.S. Lond. 

Patrick Boyle Mure Macredie, Esq., Advocate, of Perceton. 

William Sharpey, M.D., Professor of Anatomy, University College, London. 

1835 John Hutton Balfour, A.M., M.D., F.R.S. Lond., Professor of Botany. 

William Brown, Esq., F.R.C.S. 

R. Mayne, EKsq. 

1836 David Rhind, Esq., Architect. 

Archibald Robertson, M.D., F.R.S. Lond. 

1837 John Archibald Campbell, Esq., W.S. 

John Scott Russell, Esq., A.M., London, 

Charles Maclaren, Esq. 

Archibald Smith, Esq., M.A., Camb., Lincoln’s Inn, London. 

Richard Parnell, M.D. 

Peter D. Handyside, M.D., F.R.C.S. 

1838 Thomas Mansfield, Esq., Accountant. 

Alan Stevenson, Esq., Civil Engineer. 

1839 David Smith, Esq., W.S. 

Adam Hunter, M.D. 

Rev. Philip Kelland, A.M., Professor of Mathematies. 

F. Brown Douglas, Esq., Advocate. 

Major-General Swinburne, of Marcus. 

1840 Alan A. Welwood Maconochie, Esq. 

Martyn J. Roberts, Esq., Fort-William. 

Robert Chambers, Esq. 

James Forsyth, Esq., of Dunach. 

Sir John M‘Neill, G.C.B. 

John Cockburn, Esq. 

Sir William Scott, Bart., of Ancrum. 

Right Rev. Bishop Terrot. 

Edward J. Jackson, Esq. 

John Mackenzie, Esq. 

James Anstruther, Esq., W.S. 

1841 John Millar, Esq., Civil-Engineer, Millfield House, Polmont. 

George Smyttan, M.D. 

James Dalmahoy, Esq. 

1842 James Thomson, Esq., Civil-Engineer, London. 

John Davy, M.D. Inspector-General of Army Hospitals. 

Robert Naysmith, Esq., F.R.C.S. 

James Miller, Esq., Professor of Surgery. 

John Goodsir, Esq., Professor of Anatomy. 

1843 A. D. Maclagan, M.D., F.R.C.S. 
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Date of 
Election. 

1843 John Rose Cormack, M.D., F.R.C.P., Putney. 

Allen Thomson, M.D., Professor of Anatomy, Glasgow. 

Joseph Mitchell, Esq., Civil-Engineer, Inverness. 

Andrew Coventry, Esq., Advocate. 

John Hughes Bennett, M.D., F.R.C.P., Professor of Physiology. 

D. Balfour, Esq., of Trenaby. 

Henry Stephens, Esq. 

1844 J. Burn Murdoch, Esq., Advocate, of Gartincaber. 

Archibald Campbell Swinton, Esq., Professor of Civil Law. 

James Begbie, M.D., F.R.C.S. 

James Y. Simpson, M.D., Professor of Midwifery. 

David Stevenson, Esq., Civil Engineer. 

Thomas R. Colledge, M.D., F.R.C.P.E. 

1845 John G. M. Burt, M.D. 

Thomas Anderson, M.D., Professor of Chemistry, Glasgow. 

1846 A. Taylor, M.D., Pau. 

S. A. Pagan, M.D. 

Alexander J. Adie, Esq., Civil Engineer. 

L. D. B. Gordon, Esq., C.H. 

L. Schmitz, LL.D., Ph.D., Rector of High School. 

Charles Piazzi Smyth, Esq., Professor of Practical Astronomy. 

1847 William Thomson, Esq., M.A. Camb., Professor of Natural Philosophy, Glasgow. 

J. H. Burton, Esq., Advocate. 

James Nicol, Esq., Professor of Natural History, Aberdeen. 

William Macdonald Macdonald, Esq., of St Martins. 

Alexander Christie, Esq., 

John Wilson, Esq., Professor of Agriculture. 

Moses Steven, Esq., of Bellahouston. 

1848 Thomas Stevenson, Hsq., C.E. 

James Allan, M.D., Inspector of Hospitals, Portsmouth. 

Henry Davidson, Esq. 

Patrick Newbigging, M.D. 

William Swan, Esq., Professor of Natural Philosophy, St Andrews. 

Patrick James Stirling, Esq. 

1849 William Stirling, Esq., of Keir, M.P. 

John Thomson Gordon, Esq., Sherif’ of Mid-Lothian. 

D. R. Hay, Esq. 

William Thomas Thomson, Esq. 

Honourable Lord Ivory. 

William E. Aytoun, D.C.L., Professor of Rhetoric and Belles Lettres. 

W. H. Lowe, M.D., Balgreen. 

Honourable B. F. Primrose. 

David Anderson, Esq., of Moredun. 

W. AR. Pirrie, M.D., Professor of Surgery, Marischal College, Aberdeen. 
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Date of 
Election. 

1849 His Grace The Duke of Argyll, Inverary Castle. 

The Most Noble the Marquis of Tweeddale, K.T. 

Edward Sang, Esq. 

1850 William John Macquorn Rankine, Esq., C.E., Professor of Civil Engineering, Glasgow 

Oniversity. 

Alexander Keith Johnston, Esq. 

Sheridan Muspratt, M.D., Liverpool. 

James Stark, M.D. (Re-admitted.) 

Captain W. Driscoll Gossett, R.E, 

William Seller, M.D., F.R.C.P.E. 

Hugh Blackburn, Esq., Professor of Mathematics, Glasgow. 

R. D. Thomson, M.D., London. 

Beriah Botfield, Esq., Norton Hall, Northamptonshire. 

J. S. Combe, M.D. 

1851 Sir David Dundas, Bart., of Dunira. 

John Stewart, Esq., of Nateby Hall. 

E. W. Dallas, Esq. 

Rev. James Grant, D.C.L., D.D., one of the Ministers of Edinburgh. 

1852 Eyre B. Powell, Esq., Madras, 

Thomas Miller, Esq., A.M., LL.D., Rector, Perth Academy. 

Allen Dalzell, M.D. 

James Cunningham, Esq., W.S. 

Alexander James Russell, Esq., C.S. 

Andrew Fleming, M.D., Bengal. 

1853 James Watson, M.D., Bath. 

Capt. Robert Maclagan, Bengal Engineers. 

Rev. Dr Robert Lee, Professor of Biblical Criticism and Biblical Antiquities. 

Rev. John Cumming, D.D., London. 

Hugh Scott, Esq., of Gala. 

Greme Reid Mercer, Esq. 

1854 Sir John Maxwell, Bart., of Polloc. 

Dr John Addington Symonds, Clifton, Bristol. 

Dr William Bird Herapath, Bristol. 

Robert Harkness, Esq., Professor of Mineralogy and Geology, Queen’s College, Cork. 

James Coxe, M.D. 

Ernest Bonar, Esq. 

1855 James P. Fraser, Esq. 

Stevenson Macadam, Ph.D. 

Robert Etheridge, Esq., Clifton, Bristol. 

Right Honourable John Inglis, Lord Justice Clerk. 

Rev. James S. Hodson, D.D., Oxon., Rector of the Edinburgh Academy. 

Wyville T. C. Thomson, LL.D., Professor of Geology, Belfast. 

Dr Wright, Cheltenham. 

James Hay, Esq. 
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Date of 
Election. 

1855 R. M. Smith, Esq. 

1856 David Bryce, Esq. 

William Mitchell Ellis, Esq. 

George J. Allman, M.D., Professor of Natural History. 

Honourable Lord Neaves. 

Dr Frederick Penny, 

Thomas Laycock, M.D., Professor of the Practice of Medicine, 

Thomas Cleghorn, Esq. i 

James Clerk Maxwell, Esq., Professor of Natural Philosophy, King’s College, London. 

1857 James Black, M.D. 

John Ivor Murray, M.D. 

John Blackwood, Esq. 

Reverend Dr James Macfarlane, Duddingston. 

W. M. Buchanan, M.D. 

Thomas Login, Esq. C.E., Pegu. 

1857 Edmund C, Batten, M.A., Lincoln’s Inn, London. 

Thomas Williamson, M.D., Leith. 

Robert B. Malcolm, M.D. 

James Duncan, M.D. 

1858 Alexander Bryson, Esq. 

Frederick Field, Esq., Chil. 

James Leslie, Esq., C.E. 

Cosmo Innes, Esq., Professor of History. 

Rev. Alexander C. Fraser, Professor of Logic. 

Rev. William Stevenson, D.D., Professor of Ecclesiastical History, 

1859 William F. Skene, Hsq., W.S. 

G. W. Hay, Esq. 

Robert Russell, Esq. 

Joseph Fayrer, M.D. 

George Robertson, Esq., C.E. 

Lyon Playfair, C.B., Professor of Chemistry. 

John Brown, M.D. 

Professor Richardson, Durham. 

Rev. John Duns, T'orphichen. 

Lieut. John Hills, Bombay Engineers. 

Captain Gordon Forlong. 

1860 William Robertson, M.D. 

Frederick Guthrie, M.D., Professor of Chemistry, Mauritius. 

J. Alfred Wanklyn, Esq. 

Patrick C. MacDougall, Esq., Professor of Moral Philosophy. 

George A. Jameson, Esq. 

Rev. Leonard Shafto Orde. 

Patrick Dudgeon, Esq., of Cargen. 

William Chambers, Esq., of Glenormiston. 
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Date of 
Election. 

1861 W. A. F. Browne, Esq., one of H. M. Commissioners in Lunacy for Scotland. | 
Rev, Thomas Brown. . 
Robert Edmund Scoresby-Jackson, M.D. 
James M‘Bain, M.D., R.N. 

Peter Guthrie Tait, Esq., Professor of Natural Philosophy. 
John Muir, D.C.L., LL.D. 

William Turner, M.B. 

William Lauder Lindsay, M.D. 

James Lorimer, Esq., Advocate, 

Archibald Geikie, Esq. 

William Handyside, Esq. 

George Berry, Esq. 

Thomas Herbert Barker, M.D. 

Robert MacLachlan, Esq. of MacLachlan. 
James Young, Esq. 

Alexander Eugene Mackay, M.D., R.N. 
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LIST OF NON-RESIDENT AND FOREIGN MEMBERS. 

ELECTED UNDER THE OLD LAWS. 

NON-RESIDENT. 

Richard Griffiths, Esq., Civzl Engineer. 

LIST OF HONORARY FELLOWS. 

His Majesty the King of the Belgians. 

His Imperial Highness the Archduke John of Austria. 

His Royal Highness the Prince Consort. 

FOREIGNERS (LIMITED TO THIRTY-SIX.) 

Prof. A. D. Bache, United States. 

* M. Biot, Paris. 

M. Agassiz, United States. 

M. Cousin, Paris. 

M. Dumas, Do. 

M. Charles Dupin, Do. 

M. Ehrenberg, Berlin, 

M. Elie de Beaumont, Paris. 

M. Encke, Berlin. 

M. Flourens, Paris. 

M. Guizot, Do. 

M. Haidinger, Vienna. 

M. Hansteen, Christiania. 

M, Hausmann, Gottingen. 

M. Lamont, Munich. 

M. Leverrier, Paris. 

N.B.—The name marked thus * in the preceding list, was included in the original Honorary List prior to the 

change of the Law distinguishing British Subjects from Foreigners. 
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M. Liebig, Munich. 

Dr Von Martius, Do. 

M. Milne-Edwards, Paris. 

M. Mitscherlich, Berlin. 

M. Necker, Geneva. 

"M. Plana, Turin. 

M. Quetelet, Brussels. 

M. Regnault, ‘Paris. 

Prof. Henry D. Rogers, Pennsylvania. 

M. Gustav Rose, Berlin. 

M. Studer, Berne. 

M. Struve, Pulkowa. 

BRITISH SUBJECTS (LIMITED TO TWENTY, BY LAW X.). 

J. C. Adams, Esq., Cambridge. 

G. B. Airy, Esq., Greenwich. 

Dr Faraday, London. 

Thomas Graham, Esq., Do. 

Sir W. R. Hamilton, Dublin. 

Sir John F. W. Herschel, Bart., Collingwood. 

Sir William J. Hooker, Kew. 

W. Lassell, Esq., Liverpool. 

Rev. Dr Lloyd, Dublin. 

Sir William E. Logan, Canada. 

Sir Charles Lyell, London. 

Sir Roderick I. Murchison, Do. 

Richard Owen, Esq., Do. 

Sir John Richardson, M.D., Lancrig, Westmoreland. 

Earl of Rosse, Parsonstown. 

W. H. Fox Talbot, Esq., Lacock Abbey, Wiltshire. 

Rev. Dr Whewell, Cambridge. 
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LIST OF FELLOWS DECEASED, RESIGNED, AND CANCELLED, 

From Aucust 1857 to NovemsBer 1861. 

HONORARY FELLOWS DECEASED. 

M. de Hammer, Vienna. 

Baron Humboldt, Berlin. 

M. Miiller, Do. 

M. Thenard, Paris. 

M. Tiedemann, Heidelberg. 

Robert Brown, Esq., London. 

Henry Hallam, Esq., Do. 

Robert Stephenson, Esq., Do. 

ORDINARY FELLOWS DECEASED. 

Alexander Monro, M.D. 

General Sir Thomas Makdougall Brisbane, Bart., G.C.B., G.C.H., F.R.S. Lond. 

James J ardine, Esq., Civil Engineer. 

Alexander Gillespie, Esq., Surgeon. 

Right Honourable Viscount Arbuthnot. 

John Fleming, D.D., Professor of Natural Science, New College. 

William P. Alison, M.D., Emeritus Professor of Practice of Physic. 

John Watson, M.D. 

Right Honourable John Hope, Lord Justice-Clerk. 

Patrick Murray, Esq., of Simprin. 

Alexander Adie, Esq. 

George Forbes, Esq. 

John Schank More, Esq., Professor of Scots Law. 

Sir John Hall, Bart. of Dunglass, 

John Lizars, Esq., Surgeon. 

Very Rev. John Lee, D.D., Principal of the University of Edinburgh. 

Robert Bell, Esq., Advocate. 

William Wood, Esq., Surgeon. 

Sir David Hunter Blair, Bart., Blairquhan. 

Honourable Mountstuart Elphinstone. 

Right Honourable Lord Dunfermline. 

John Sligo, Esq. of Carmyle, 

William Gregory, M.D., Professor of Chemistry. 

Right Honourable Earl Cathcart. 



710 LIST OF FELLOWS DECEASED, RESIGNED, AND CANCELLED. 

Professor Low. 

John Davies Morries Stirling, Esq. 

Thomas Jameson Torrie, Esq. 

John Haldane, Esq. 

Right Honourable Lord Campbell. 

William Alexander, Esq. W.S. 

John Learmonth, Esq. of Dean. 

Sir James Forrest, Bart. of Comiston. 

Honourable Lord Murray. 

James Andrew, M.D. 

Rev. James Robertson, D.D., Professor of Ecclesiastical History, 

Honourable Lord Handyside. 

James Tod, Esq., W.S. 

Right Honourable The Earl of Minto, G.C.B. 

Right Honourable The Earl of Aberdeen, K.T. 

Right Honourable The Earl of Haddington, K.T. 

Mortimer Glover, M.D. 

Sir James Ramsay, Bart. 

James M. Hog, Esq. of Newliston. 

George Buist, M.D., Bombay. 

William Murray, Esq., Monkland. 

Sir James M. Riddell, Bart., Strontian. 

Erskine Douglas Sandford, Esq., Advocate. 

George Wilson, M.D., Professor of Technology. 

Sir John Melville. 

John Gordon, Esq. of Cairnbulg. 

RESIGNATIONS. 

John Stenhouse, M.D., Islington. 

Sir George Douglas, Bart. of Springwood Park. 

Thomas A. Wise, M.D. 

Sir Robert K. Arbuthnot, Bart. 

Horatio Ross, Esq. of Netherley. 

Brinsley de Courcy Nixon, Esq. 

Andrew Murray, Esq. of Conland, W.S. 

George Makgill, Esq. of Kembach. 

ELECTION CANCELLED. 

Henry Dunlop, Esq. of Craigton. 
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The following Public Institutions and Indwiduals are entitled to receive Copies of the 
Transactions and Proceedings of the Royal Society of Edinburgh :— 

ENGLAND. 

The British Museum, 

The Bodleian Library, Oxford. 

~The University Library, Cambridge. 

The Royal Society. 

The Linnean Society. 

The Society for the Encouragement of Arts. 

The Geological Society. 

The Royal Astronomical Society. 

The Royal Asiatic Society, 

The Zoological Society. 

The Royal Society of Literature. 

The Horticultural Society. 

The Royal Institution. 

The Royal Geographical Society. 

The Statistical Society. 

The Institution of Civil Engineers, 

The Institute of British Architects. 

The Hydrographical Office, Admiralty. 

The Medico-Chirurgical Society. 

The Athenzum Club. 

The Cambridge Philosophical Society. 

The Manchester Literary and Philosophical 

Society. 

The Yorkshire Philosophical Society. 

The Chemical Society of London. 

The Museum of Economic Geology. 

The United Service Institution. 

The Royal Observatory, Greenwich. 

The Leeds Philosophical and Literary Society. 

The Historic Society of Lancashire and Cheshire. 

The Royal College of Surgeons of England. 

SCOTLAND. 

Edinburgh, University Library. 

Advocates’ Library. 
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Edinburgh, College of Physicians. 

Highland and Agricultural Society. 

Royal Medical Society. 

Royal Physical Society. 

Royal Scottish Society of Arts. 

Glasgow, University Library. 

St Andrews, University Library. 

Aberdeen, Library of Kings’ College. 

IRELAND. 

The Library of Trinity College, Dublin. 

The Royal Irish Academy. 

COLONIES, &c. 

The Asiatic Society of Calcutta. 

The Literary and Historical Society of Toronto. 

CONTINENT OF EUROPE, 

Amsterdam, Royal Institute of Holland. 

Berlin, Royal Academy of Sciences. 

Physical Society. 

Berne, Society of Swiss Naturalists. 

Bologna, Academy of Sciences. 

Bonn, Cesarean Academy of Naturalists. 

Brussels, Royal Academy of Sciences. 

Buda, Literary Society of Hungary. 

Copenhagen, Royal Academy of Sciences. 

Frankfort, the Senkenbergian Museum. 

Geneva, Natural History Society. 

Giessen, University Library. 

Gottingen, University Library. 

Haarlem, Natural History Society. 

Leipzig, Royal Saxon Academy. 

Lille, Royal Society of Sciences. 

Lisbon, Royal Academy of Sciences. 

Lyons, Agricultural Society. 

Milan, Royal Institute. 



Cums 

Moscow, Imperial Academy of Naturalists. 

Munich, Royal Academy of Sciences of Bavaria 

(2 copies). 

Neufchatel, Museum of Natural History. 

Paris, Royal Academy of Sciences. 

Geographical Society. 

Royal Society of Agriculture. 

Society for Encouragement of Industry. 

Geological Society of France, 

Ecole des Mines. 

Marine Depét. 

... Museum of Jardin des Plantes. 

Rotterdam, Batavian Society of Experimental 

Philosophy. 

Stockholm, Royal Academy of Sciences. 

St Petersburg, Imperial Academy of Sciences. 

M. Kupffer. 

St Petersburg, Pulkowa Observatory. 

Turin, Royal Academy of Sciences. 

M. Michelotti. 

Venice, Royal Institute, 

Vienna, Imperial Academy of Sciences. 

Geological Society. 

UNITED STATES OF AMERICA. 

Boston, the Bowditch Library. 

New York State Library. 

Philadelphia, American Philosophical Society. 

, Academy of Natural Sciences, 

Yale College, Professor Silliman. 

Washington, the Smithsonian Institution. 

(All the Honorary and Ordinary Fellows of the Society 

are entitled to the Transactions and Proceedings.) 

The following Institutions and Individuals receive the Proceedings only :— 

ENGLAND, 

The Scarborough Philosophical Society. 

The Whitby Philosophical Society. 

The Newcastle Philosophical Society. 

The Geological Society of Cornwall. 

The Ashmolean Society of Oxford. 

The Literary and Philosophical Society of Liver- 

pool. 

SCOTLAND. 

The Philosophical Society of Glasgow. 

The Butanical Society of Edinburgh. 

COLONIES. 

The Literary and Philosophical Society of Quebec. 

The Literary Society of Madras, 

CONTINENT OF EUROPE, 

Utrecht, the Literary and Philosophical Society. 

Paris, Editor of L’Institut. 

Cherbourg Society of Natural Sciences, 

UNITED STATES. 

Professor Dana, Connecticut. 

Academy of Natural Science, Philadelphia. 
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LIST OF DONATIONS. 

(Continued from Vol. XXI. p. 699.) 

The following List of Donations, announced at the Society’s Meeting on 2d March 
1857, was omitted in its proper place in the Proceedings :— 

Philosophical Transactions of the Royal Society of London. Vol. exliv., Part 
2, exlv., and cxlvi. London, 1854-56. 4to. 

Proceedings of the Royal Society, Vol. viii., No. 24. 
Annales de Observatoire Physique Central de Russie. No. 2. Correspondence 

Météorologique pour l’année 1854. St Petersbourg, 1845,  4to. 
Journal of Agriculture, and Transactions of the Highland and Agricultural 

Society of Scotland. March 1857. Edinburgh. 8vo. 
The American Journal of Science and Arts. January, 1857. 8vo. 
Bulletin de la Société de Geographie, Quatriéme serie, Tome xii. 1857. 
Transactions of the Royal Scottish Society of Arts. Vol. iv., Part 4. 
Natuurkundige Verhandelingen van de Hollandsche Maatschappij der Weten- 

schappen te Haarlem, Deel. xii., tweede verzameling. 
On certain Trains of Erratic Rocks on the Western borders of Massachusetts, 

U.S. By Sir Charles Lyell, F.R.S. 8vo. 

8vo. 

November 5, 1857. 

DONATIONS. 
Scheikundige Verhandelingen en Onderzoekingen door G. J. Mulder. 

Deele. Rotterdam, 1857. 8vo. 

List of Members of the Institute of Actuaries. 8vo. 
Letter to Lord Viscount Palmerson on Medical Reform. By John G. M. Burt. 

Edinburgh, 1857, 8vo. 
Collection of Admiralty Charts, and relative Lists, and other Documents. 
Proceedings of the Berwickshire Naturalists’ Club. Vol. iv. Part 1. 8vo. 
Notices of the Meetings of the Members of the Royal Institution of Great 

Eerste 

Britain. Part 7. 8vo. 
Transactions of the Historic Society of Lancashire and Cheshire. Vol. ix. 

London, 1857. 8vo. 
Charts of Tract-Survey of the Rivers Salado, Parana, and Colastiné. By Com- 

mander Thomas J. Page, U.S.S. Water Witch. 1855. 
Annalen der Koniglichen Sternwarte bei Miinich. Bandix, 8vo. 
Fortschritte der Physik. Jahr 1847, zweite abthielung ; 1853; 1854. Berlin. 

8vo. 

The Society. 

Ditto. 
The Observatory. 

The Society. 

The Editors. 
The Society. 
The Society. 

Ditto. 

Ditto. 

DONORS. 
Dutch Govern- 

ment. 

The Institute. 

The Author. 

The Admiralty. 
The Club. 
The Society. 

Ditto. 

The Author. 

The Observatory. 
The Physical So- 

cicty, Berlin. 



714 LIST OF DONATIONS. 

DONATIONS, 

Proceedings of the Royal Astronomical Society. Vol. xvii. No. 9. 8vo. 
Resultate aus den an der Konigl. Sternwarte veranstalteten meteorologischen 

Untersuchungen, nebst Andentungen iiber den Einfluss des Clima von 
Miinchen auf die Gesundheits-Verhiltnisse der Bewohner. Von Dr J. 
Lamont. Miinchen,1857. 4to. 

Catalogue of the New York State Library. 2 vols. Albany, 1856. , 8vo. 
Documents relative to the Colonial History of the State of New York, procured 

in Holland, England, and France, by John Romeyn Brodhead. LEdited 
by E. B. O'Callaghan, M.D. Vols. v., vi., andix., Albany, 1855. 4to. 

Proceedings of the Academy of Natural Sciences of Philadelphia for 1856-57. 
8vo. 

Proceedings of the American Philosophical Society. Vol. vi. No. 56. 8vo. 
Transactions of the American Philosophical Society. New Series. Vol. ii. 

Parti. Philadelphia, 1857. Ato. 
Reports of the Commissioners of Patents for 1855. 8vo. 

First Annual Report on the Improvement of the Central Park, New York. New 
York, 1857. 8vo. 

Memoirs of the American Academy of Arts and Sciences. New Series. Vol. 
vi. Part I. Cambridge and Boston, 1857. 4to. 

Smithsonian Contributions to Knowledge. Vol. ix. Washington, 1857. 4to. 
Report on Insanity and Idiocy in Massachusetts. By the Commission of 

Lunacy. Boston, 1855. 8vo. 
Report of the Superintendent of the Coast Survey, showing the progress of the 

Survey during the year 1855. Washington, 1856. 4to. 
Quarterly Return of the Births, Deaths, and Marriages registered in the Divi- 

sions, Counties, and Districts of Scotland. Quarters ending 31st March 
1857, 30th June 1857, and 30th September 1857. 8vo. 

Calcul Decidouzinal par M. le Baron Silvio Ferrari; traduction sur l’original 
Italien. Turin, 1857. 4to. 

Magnetische Ortsbestimmungen ausgefiihrt an verschiedenen Puncten des K6ni- 
griechs Bayern und an cinigen auswartigen Stationen. Won Dr J. Lamont. 
2 Thiel. Miinchen, 1856. 8vo. 

Specimen of Tables, calculated and stereomoulded by the Swedish Calculating 
Machine of George and Edward Scheutz. London, 1857. 8vo. 

Report of Council read at the Annual General Meeting, held 4th May 1857, of 
the Royal Institute of British Architects. 4to. 

Jahrbuch der Kaiserlich-Kéniglichen Geologischen Reichsanstalt. Nos. 2, 3. 
Wien, 1856. 

Quarterly Journal of Agriculture and Transactions of the Highland and Agricul- 
tural Society of Scotland. July and October 1857, 

Transactions of the Linnean Society of London. Vol. xxii. Part 1. London, 
1856. 4to. 

American Journal of Science and Arts, conducted by Professors Silliman and 
Dana. May and September 1857. . 

Resumen de Los Trabajos Meteorologicos correspondientes al afio 1854, verifi- 
cados en el Real Observatorio de Madrid bajo la direccion de D, Manuel 
Rico y Sinobas. Madrid, 1857, 4to. 

Compte-Rendu Annuel adresse a s. exc. M. De Brock, Ministre des Finances, 
par le Directeur de ?Observatoire Physique Central, A. T. Kupffer. Annee 
1855. St Petersburg, 1856. 4to. 

Assurance Magazine and Journal of the Institute of Actuaries. July and 
October 1857. &vo. 

Descriptions of four new species of Unios, &c. By Isaac Lea, LL.D. Phila- 
delphia, 1857. 8vo. 

Report of the Secretary of War, communicating Colonel Graham’s Report of the 
Harbours, &c., in Wisconsin, Illinois, Indiana, and Michigan. Washington, 
1856. 8vo. 

DONORS. 

The Society. 
The Observatory. 

The State. 
The American Geo. 

and Stat. Society. 

The Academy. 

The Society. 

Ditto. 

The American Geo. 

and Stat. Society. 
Ditto. 

The Society. 

The Smith. Inst. 

The American Sta- 

tistical Society. 
Professor Bache. 

The Registrar- 
General. 

The Author. 

Ditto. 

The Authors. 

The Institute. 

Ditto. 

The Society. 

Ditto. 

The Editors. 

The Observatory. 

Ditto. 

The Institute. 

The Author. 

The Secretary of 
War, US? 



LIST OF DONATIONS. 

DONATIONS, 
Statistical Report on. the Sickness and Mortality in the, Army of the United 

States, compiled from the Records of the Surgeon-General’s Office ; em- 
bracing a period of sixteen years, from January 1839 to January 1855. 
By Richard H. Coolidge, M.D. Washington, 1856. to. 

Astronomische Beobachtungen auf der Kéniglichen Universtits Sternwarte zu 
Konigsberg. Sieben and zwanzigste, acht und ’zwanzigste und dr eissigste 
Abthiel. “Konigsberg, 1856. 8vo. 

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen. 
Afdecling Natuurkunde, vijfde Deel, tweede und derde Stuk; zesde deel, 
eerst, tweede, und derde Stuk. “‘Afdeeling Letterkunde, tweede Deel, eee, 
derde, und vierde Stuk... Amsterdam, 1855-57... 8vo. 

-Octavize Querela. Carmen cujus auctori Johanni van Leeuwen, e Vico Zeg- 
waart, certaminis: poetic premium secundum e legato Jacobi Henrici 
Hoeufft adjudicatum est in consessu publico' Academie Regiz Scientiarum, 
die 9m. Martii anni 1857. .Amstelodami,,1857. 8vo. 

Report of the Geological Survey in Kentucky, made during the years 1854 and 
1855... By David Dale Owen. Frankfort, Kentucky, 1856. 8vo. 

Report of the Commissioners of Patents for the year 1855. Agriculture, Arts, 
and Manufactures. Washington, U.S., 1856. 8vo. 

Report of the Secretary of State on the Criminal Statistics of the State of New 
York. Albany, 1855. 8vo. 

Annual Report of the Commissioners of Emigration of the State of New York, 
for the year ending 31st December 1856. New York, 1856. 8vo. 

Annual Report of the Canal Commissionefs of the State of New York, for 1854. 
Albany, 1855. , 8vo. 

Report of the Joint Special Committees of the Chamber of Commerce, and 
American Geographical and Statistical Society, on the extension of the 
decimal system to Weights and Measures of the United States. New York, 
1857. 

Annual Report of the Secretary of State, relative to Statistics of the Poor of 
New York. . Albany, 1855. 8vo. 

On the Statistics and Geography of the Production of Iron. 
Hewitt. New York, 1856. 8vo. 

Report of the State Engineer and Surveyor on the Canals of the State of New 
York, for 1854. Albany, 1855. 8vo. 

By Abram §. 

Bulletin of the American Geographical and Statistical Society. Vol. ii. New 
York, 1857. 8vo. 

The Growth of Cities. By Henry P. Tappan, D.D. New York, 1855. 8vo. 
Eighth Annual Report of the Governors of the Alms House, New York, for 

the year 1856. New York, 1857. 8vo. 
Access to an open Polar Sea, in connection with the search after Sir John 

Franklin, and his Companions. By E. K, Kane, M.D. New York, 1853. 
8vo. 

Annual Report of the Board of Regents of the Smithsonian Institution, for the 
year 1856. Washington, 1857. 8vo. 

An Account of the Smithsonian Institution, its Founder, Building, Operations, 
&c, By William J. Rhees. Washington, 1857. 8vo. 

The Transactions of the Academy of Science of St Louis. 
1857. 8vo, 

Annual Reports of the Board of Agriculture of the State of Ohio, for the years 
1850, 1851, 1852, 1853, 1855. 8vo. 

On the New Red Sandstone Formation of Pennsylvania, &c. 
LL.D. Philadelphia, 1856. 8vo. 

Archeologia; or, Miscellaneous Tracts, relating to Antiquity, published by the 
Society of Antiquaries, London. Vol. xxxvi. Part 2. and Vol. xxxvii. 
Part 1. London, 1857. Ato. 

Proceedings of the Boston Society of Natural History. 

VOL. XXII. PART III. 

Vol. i. St Louis, 

By Isaac Lea, 

1856-7. 8vo, 
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DONORS. 
The Surgeon-Gen- 
eral, U.S. Army. 

The Observatory. 

The Academy. 

Ditto. 

The Smithsonian 
Institution. 

The U.S. Patent 

Office. 
The State. 

Ditto. 

Ditto. 

The American Sta- 

tistical Society. 

The State. 

The AmericanGeo. 

and Stat. Society. 
The State. 

The Society. 

TheN. Y.Geo. Soe. 

The Governors. 

TheAmericanGeo. 

and Stat, Society. 

The: Institution, 

Ditto. 

The Academy. 

The State of Ohio. 

The Author. 

The Society. 

Ditto. 

9A 
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DONATIONS. 
Nova Acta Regie Societatis Scientiarum Upsalensis. Seriei tertie, Vol. i. 

Fasc. 1 et 2; Vol. ii. Fase. 1. Upsal, 1855-6.  4to. 
Mémoires Couronnés et Mémoires des Savants itrangers; publies par VAcadémie 

Royale des Sciences, des Lettres, et des Beaux-Arts de Belgique. Tomes. 
XXVl., XXVIl., xxviii. Bruxelles, 1855-6. 4to. 

Mémoires de Académie Royale des Sciences, des Lettres, et des Beaux- ‘Arts: de 
Belgique. Tome xxx. Bruxelles, 1857. 4to. 

Nouveaux Mémoires de la Société Impériale des Naturalistes de Moscou: Tome 
x. Moscou, 1855. 4to. 

Astronomical Observations made at the Royal Observatory, Edinburgh. By 
Charles Piazzi Smyth, F.R.SS.L. and E.. Vol. xi. for 1849-54. ‘Edin- 
burgh, 1857. 4to. 

Report on the Adjudication of the Copley, Rumford, and Royal: Medals; and 
appointment of the Bakerian, Croonian, and Fairchild: Lectures, compiled 
from the original Documents in the Archives’ of the Royal . Society. By 
James Hudson. London, 1834, 4to. 

Six Discourses delivered before the Royal Society at their Anniversary Meetings, 
on the award of.the Royal and Copley Medals; preceded by an Address to 
the Society on the Progress and Prospects. of Science, by Sir Humphry 
Davy, Bart. London, 1827. 4to. 

Mémoires de Académie Impériale des Sciences de St Petersburg.. Sixiéme 
Serie. Sciences Naturelles, Tome vii. ; Sciences Politiques, Histoire, Philo- 
logie, Tome viii. St Petersbourg, 1855. 4to. 

Mémoires Présentés a |’ Académie Impériale des Sciences de St Petersbourg par 
divers Savants, et lu dans ses Assemblées. Tome vii. St Petersbourg, 
1854, 4to. 

Annuaire de |’Académie Royale des Sciences, des Lettres, et des Beaux-Arts de: 
Belgique, 1856,.1857. Bruxelles, 12mo. 

Almanach der Kaiserlichen Akademie der Wissenschaften. Siebenter J ahrgang, 
1857. Wien. 8vo. ; 

Astronomical and Meteorological Observations made at the Radcliffe Observatory, 
Oxford, in the year 1855, under the superintendence of Manuel J. Johnston, 
M.A., Radcliffe Observer. Vol. xvi. Oxford, 1856. 8vo, 

Journal of the Asiatic Society, 1856, No. 6; 1857, Nos. 1, 2, and 3. Caleutta, 
8vo. 

Etioles Filantes. Télégraphe Electrique. Phénoménes periodique. Par A. 
Quetelet. 8vo. 

Rapport adressé a M. le Ministre de l’Interieur, sur Etat et les Travaux de 
l’Observatoire Royale, pendant l’année 1856 ; par le Directeur A. Quetelet. 

Proceedings of the Royal Astronomical Society. Vol. xvii., Nos. 4-7. 
Des Observatoires du Nord de l’Allemagne et de la Hollande et du Magnétisme 

Terrestre dans ces deux Contrees. Par Ernest Quetelet. 8vo. 
Rapport de M. Ad. Quetelet sur une Memoire concernant l’etat actuel des liones 

isoclimiques et isodynamiques dans la Grande Bretagne, la Hollande, la 
Belgique et la France, d’aprés les Observations de l’auteur M. Mahmoud- 
Effendi, Astronome Egyptien. 8vo. 

Proceedings of the Society of Antiquaries of London. Vol. ii., Nos. 43-46. 
Tendon! 8vo. 

List of the Society of Antiquaries of London. 1856. 8vo. 
Journal of the Geological Society of Dublin. Vol. vii., Part 4. Dublin, 1857. 

8vo. 
Bulletin de la Société Impériale des Naturalistes de Moscou. Année 1853, 

Nos. 8,4; 1855, Nos. 2, 3, et 4; 1856, No. 1. Moscou. 8vo. 
Extrait du Programme de la Société Hollandaise des Sciences 4 Harlem, pour 

Vannée 1857. 4to. 
Monthly Returns of the Births, Deaths, and Marriages registered in the eight 

principal Towns of Scotland. March, April, May, June, July, Sept, 1854, 
8vo. 

DONORS. 
The Society. 

The Academy. 

‘Ditto. 

‘The Society. 

The Observatory. 

-The Society. : 

Ditto. 

The Academy. 

Ditto. 

‘Ditto. 

. Ditto. . 

- The Observatory. 

The Society. 

The Author. 

Ditto. 

The Society. 
The Author. 

M. Quetelet. 

The Society. 

Ditto. 
Ditto. 

Ditto. 

Ditto. 

The Registrar- 
General, 



LIST OF DONATIONS. 

DONATIONS, 

Memoirs of the Geological Survey of India. Calcutta, 1856... 8vo. 

Journal of the Royal Geographical Society. Vol. xxvi. London, 1856. | 8vo. 
Flora Batava. 181 aflevering. 4to. 
Método lexiologica y hermeneutico para aprender la are francesa fundado en . 

la for- las leyes de entomologia, analogia, y onomatopeya, que presiden a 
Madrid, macion de las Lenguas. Par Don Vicente Alcober y Larbo. 

1857. Ato. 
Quarterly Journal of the Chemical Society. No, 37. 8vo. 
Nouveau Mémoire sur la Question relative aux Zigilops triticoides et spelti- 

formis. Paris, 1857.  8vo. 
Archives du Museum d'Histoire Naturelle. publiées par les Professeurs-Admini- 

strateurs de cet Etablissement. Tomeix. Paris, 1856. 4to. 
Bulletin de la Société des Sciences Naturelles de Neuchatel. Tome iv., pre- 

mier cahier. Neuchatel, 1856. 8vo. 
Transactions of the Architectural Institute of Scotland. 

1855-6). Edinburgh, 1856. 8vo. 
Astronomical, and Magnetical,and Meteorological Observations made at: the 

Royal Observatory, Greenwich, in the year 1855, under the direction of 
George Biddell Airy, M.A., Astronomer-Royal. London, 1857. 4to. 

Tables de la Lune construites d’aprés de principe Newtonien de la gravitation 
universelle, par P. A Hansen, Directeur de |’Observatoire Ducal de Gotha. 
Imprime aux frais du Gouvernement Britannique. Londres, 1857. 4to. 

Ophthalmic Hospital Reports and Journal of the Royal London Ophthalmic Hos- 
pital. Edited by J. F. Streatfield. No. 1, October 1857. London. 8vo. 

Magnetical and Meteorological Observations made at the Hon. East India Com- 
pany’s Observatory, Bombay, under the superintendence of Lieutenant E. 
F. T. Ferguson, I.N. For years 1854-5. Bombay, 1855-6. 4to. 

Catalogue of the Library of the Philosophical Institution of Edinburgh. Edin- 
burgh, 1857. 8vo. 

Jahresbericht iiber die Fortschritte der reinen, pharmaceutischen und technischen 
Chemie, Physick, Mineralogie und Geologie. Unter Mitwirkung von H. 

- Buff, F. Knapp, H. Will, F. Zamminer, herausgegeben von Justus Liebig 
und Hermann Kopp. Fiir 1856. Giessen, 1857. 8vo. 

Journal of the Proceedings of the Linnean Society. Vol. ii, Nos. 5 and 6, 
London, 1857. 8vo. 

Bulletin de la Société des Sciences Naturelles de Neuchatel. 
deuxiéme cahier. Neuchatel, 1857. 8vo. 

Proceedings of the Royal Geographical Society of London, No. 8. 
1857. 8vo. 

Address delivered at the Anniversary Meeting of the Geological Society of London, 
on 20th February 1857, by Colonel J. E. Portlock, R.E., President of the 
Society. London, 1857. 8vo. 

A new Classified Catalogue of the Library of the Royal Institution of Great 
Britain, with indexes of Authors and Subjects, and a list of Historical 
Pamphlets chronologically arranged. By Benjamin Vincent. London, 
1857. 8vo. 

Die Bohmischen Exulanten in Sachsen. 
Leipzig, 1857. 8vo. 

Abhandlungen der K6niglichen Akademie der Wissenschaften zu Berlin. 1855, 
1856. Berlin, 4to. 

Vol. © (Session 

Tome iy., 

London, 

Von Christian Adolph Pescheck. 

Transactions of the Zoological Society of London. Vol. iv., Part 4. London, 
1857. to. 

Twenty-fourth Annual Report of the Royal Cornwall Polytechnic Society, 1856. 
Falmouth. 8vo. 

Proceedings of the Zoological Society. Nos. 310-338. London. 8vo. 
The Bakerian Lecture. Experimental Relations of Gold (and other Metals) to 

Light. By Michael Faraday, D.C.L. London, 1857. 4to. 
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DONORS. 
The Gov.-Gen.. of 

India. 
The Society. 
King of Holland. 
The Author, 

The Society. 

The Museum. 

The Society, 

Ditto. 

The Board of Ad- 
miralty. 

Ditto. 

The Editor. 

The Hon. E. India 
Company. 

The Institution. 

The Editors. 

The Society. 

Ditto. 

Ditto. 

The Author. 

The Institution. 

The Author. 

The Academy. 

The Society. 

Ditto. 

Ditto. 

The Author. 
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; DONATIONS. 
Sur le Climat dela Belgique. De'l’Htat du Ciel en général, par A. Quetelet. 

Bruxelles, 1857. 4to. 
Annales de Obsérvatoire Royal de Bruxélles, publieés, aux frais de Etat, par 

le Directeur, A. Quetelet. Tome xi. Bruxelles, 1857. 4to. 

Observations des .Phénoménes Périodiques.: Bruxelles. to: 
Contributions to the. Meteorology and Hydrography of the, Indian Ocean. 

Charles Meldrum, A.M. Part 1. Mauritius, 1856. | 4to., } 

Monatsbericht der Kéniglichen Preuss. Akademie der Wissenschaften zu Berlin. 
Januar—August 1857. 

Denkschriften der Kaiserlichen Akademie der Wissenschaften. Mathematisch- 
Naturwissenschaftliche Classe, Zwolfter Band, Vienna, 1856, 4to. 

The Quarterly Journal of the Geological Society. Vol. xiii. Parts 2 and 4. 
London, 1857. 8vo. 

Ueber die Placodérmen: des Domeatohes Systems, 
Pander. St Petersburg, 1857. 4to. 

By 

Von Dr Christian Heinrich 

Monographie der Fossilen Fische des Silurischen Systems der Russisch-Baltischen 
Gouvernements, Von Dr Christian Heinrich Pander. St Petersburg, 
1856. .4to.  ~ 

Bulletin de la Société Impériale des Naturalistes de Moscou. Tome xxvil., No. 
1.. Moscou, 1854. 8vo. 

The Canadian J ae of Industry, Science, and Art, conducted by the Canadian 
Institute. New Series, Nos. 8 and 10, July-September 1857. Toronto. 
8vo. 

Bulletins de 1’ Académie. Royale des Sciences, des Lettres, et des Beaux-Arts de 
Belgique. Tome xxii. 2'%™° partie; Tome xxii. Bruxelles, 1855-6, 
8yvo. 

Journal of the Statistical Society of London. 
London, 8vo. 

Compte Rendu de V Académie Impériale des Senne de St Petersbourg. 1852, 
1853, 1854, 1855. St Petersbourg. 8vo. 

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Mathematisch- 
Naturwissenshaftliche Classe, Band xxii.; Band xxii., Heft. 1. Philoso- 
phisch-Historische Classe, Band XXx1., Heft 3; Band ‘xxii., Heft 1 und 2, 
Vienna, 1856-7, 8vo. 

Annuaire de l’Observatoire Royal de Bruxelles, par A. Quetelet, 1856, 1857. 
Bruxelles. 12mo. 

Berichte tiber die Verhandlungen der Kéniglich Sachsischen Gesellschaft der 
Wissenschaften zu Leipzig. Mathematisch-Physiche Classe, 1856, No. 2; 
1857, No. 1. Leipzig. 8vo. 

Abhandlungen der K. 8. Gessellschaft der Wissenschaften zu Leipzig. Mathe- 
matisch-Physische Classe, 1857. Leipzig. 8vo. 

Proceedings of the Literary and Philosophical Society of Liverpool. 
1856-7. Liverpool, 1857. 8vo. 

Memorias de la Real Academia de Ciencias de Madrid, Tomo iv. 
1857. to. 

Judicial Statistics, Part 1, England and Wales. 
—Prisons. Returns for the year 1856. 

Proceedings of the Royal Society of London. 
London, 1857. 8vo. 

Vol. xxii., Part 2. (June 1857). 

Session 

Madrid, 

Police Criminal Proceedings. 

Vol. viii., Nos. 26 and 27. 

Memoire della Reale Accademia delle Scienze di Napoli. Vol. i., Fase 1, 2. 
Ato. 

Rendiconto della Societa Reale Borbonica. Napoli, 1856. 4to. 
Quarterly Journal of the Chemical Society. July 1857. London. 8vo, 
Journal of the Statistical Society of London. 

8vo. 
List of Fellows of the Statistical Society of London. 8vo. 

Vol. xx., Part 3. London, 1857. 

DONORS. 
The Author. 

The Observatory. 

M.. Quetelet. 

The Author, 

Berlin Academy. 

The Academy. 

The Society. 

Corps des Ingé- 
nieurs des Mines 

de Russie. 

Ditto. 

The Society. 

The Institute. 

The Academy. 

The Society. 

The Academy. 

The Imperial Aca- 
demy, Vienna. 

The Author. 

The Royal Saxon 
Society, 

Ditto. 

The Society. 

The Academy. 

Secretary of State. 

The Society. 

The Academy. 

The Society. 
Ditto. 
Ditto. 

Ditto. 



LIST OF DONATIONS. 

DONATIONS. 
Oversigt over det Kongelige Danske Videnskabernes Selskabs Forhandlinger og 

dets Medlemmers Arbeider i Aaret 1856. Kjobenhavn, 1856. 8vo. 
Biographical Notice of the late Thomas Thomson, M.D. 1857. 8vo. 
Address at the Anniversary Meeting of the Royal Geographical Society, 25th 

May 1857. By Sir Roderick I. Murchison, President. London, 1857, 8vo, 
M. le Baron Cauchy: Lettre de M. Biot a M. de Falloux. Paris, 1857. 8vo. 
Silliiman’s American Journal of Science and Arts. July 1857. 8vo. 
Monthly Notices of the Royal Astronomical Society. Vol. xvi. London, 1856. 

8vo. 
Memoirs of the Royal Astronomical Society. Vol. xxv. London, 1857. 4to. 
Philosophical Transactions of the Royal Society of London, for the year 1856. 

Vol. exlvi., Part 3; do. for 1857, Vol. cxlvii., Part 1. London. 4to. 
Memoire della Reale Accademia della Scienze de Torino. Serie Seconda, Tomo 

xvi. Torino, 1857. 4to. 
Kongliga Svenska Vetenskaps-Akademiens Handlingar ny foljd. Forsta Bandet, 

forsta haftet. Stockholm, 1855. 4to. 
Exposition des Operations faites en Laponie pour la determination d’un are du 

méridien. Stockholm, 1805. 8vo. 
Ofversigt af Kongl. Vetenskaps-Akademiens Forhandlingar, for ar 1856. 

8vo. 
Kongl. Vetenskaps-Akademiens Handlingar, for ir 1854. 8vo. 
Berittelse om Framstegen i Insekternas, Myriapodernas och Arachnidernas 

Natural Historia for 1858 och 1854, till Kongl. Vetenskaps-Akademien 
afgifven af C. H. Boheman. Stockholm, 1857. 8vo. 

Arsberattelse om Botaniska Arbeten och Upptiickter under dren 1852, 1858, 
och 1854, (2 Bandet.) Till Vetenskaps-Akademien afgifven af J. Em. 
Wilkstrém och N. J. Andersson. 8vo. 

Om forflutna tiders svenska Ordboksforetag, Tal i K. Vetens, Akademiens vid 
Presidii nedliggande den 9 April 1856 af Bernh. v. Beskow. Stockholm, 
1857. 8vo. 

Bulletin de la Société de Geographie. Quatriéme serie, Tome xiii. Paris, 
1857. 8vo. 

Brief Extract from Memoranda of the Earl of Dundonald, on the use, properties, 
and products of the Bitumen and Petroleum of Trinidad. London, 1857. 

Folio. 
The U. S. Naval Astronomical Expedition to the Southern Hemisphere during 

the years 1849-50, 1851-52, Vol. vi., Magnetical and Meteorological 
Observations, under the direction of Lieut. J. M. Gilliss, LL.D., Superin- 
tendent. Washington, 1856. 4to. 

December 21, 1857. 

American Journal of Science and Arts, conducted by Professors Silliman and 
Dana, November 1857. 8vo. 

Report on the Observatories of His Royal Highness the Maha Rajah of Travan- 
core, at Trevandrum, and on the Agustier Peak of the Western Ghats. By 
John Allan Broun, F.R.S., Director of the Observatories. Trevandrum, 
1857. 8vo. 

Natuurkundige Verhandelingen van de Hollandsche Maatschappij der Wetens- 
chappen te Haarlem. Tweede verzameling, derteinde Deel. Haarlem, 
1857. 4to. 

Journal of the Statistical Society of London. December 1857. 8vo. 
Returns of Births, Deaths, and Marriages registered in the eight principal towns 

of Scotland. November 1857. 8vo. 
Journal of the Geological Society of Dublin, Vol. vii., Part 5. 

8vo. 

VOL. XXII. PART III. 

Dublin, 1857. 

DONORS. 
The Society. 

The Author. 
The Society. 

E. Cauchy. 
The Editors. 
The Society. 

Ditto. 

Ditto. 

The Academy. 

Roy. Acad. of Sci- 
ences, Stockholm. 

Ditto. 

Ditto. 

Ditto. 
Ditto. 

Ditto. 

Ditto. 

The Society. 

Lord Dundonald, 

Dr Gilliss. 

The Editors, 

The Author. 

The Society. 

Ditto. 
The Registrar- 

General. 
The Society. 
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DONATIONS. 
Thirtieth Annual Report of the Council of the Royal Scottish Academy of 

Painting, Sculpture, and Architecture. Edinburgh, 1857. 8vo. 
Report of the Geological and Polytechnic Society of the West Riding of York- 

shire. 1856-7. 8vo. 
Memoirs of the Literary and Philosophical Society of Manchester. Second 

Series, Vol, xiv. London, 1857. 8vo. 
Meteorological Observations and Essays. By John Dalton, D.C.L. Second 

edition. Manchester, 1834. 8vo. 
A New System of Chemical Philosophy. By John Dalton. Vols. i. and ii., 

Part 1. 8vo. 
Publications of the Dépét de la Marine, viz :— 

Collection of Charts. 
Description Nautique de la Cote n. du Maroc, par C. A. Vincendon- 

Dumoulin et C. P. De Kerhallet. Paris, 1857. 8vo, Instructions 
pour entrer dans le port d’Alexandrie, Paris, 1856. 8vo. 

Instructions Nautiques sur les Mers de |’Inde, par James Horsburgh. 
Traduites de ?Anglais en 1857, par M. le Fredour. 2° edition. 
Tome deuxiéme. Paris, 1866. 4to. 

Instructions sur la Nouvelle-Calédonie, suivies de Renseignements Hydro- 
graphiques et autres, sur la Mer du Japon et la Mer d’Okotsk, par 
M, Tardy de Montravel. Paris, 1857. 8vo. 

Supplément au Pilote de la Mer Baltique. Paris, 1857. 8vo. 
Annales Hydrographiques, Recueil d’Avis, Instructions, Documents, et 

Mémoires, relatifs a l’Hydrographie et ala Navigation, publiés par 
le Dépét des Cartes et Plans dela Marine. Paris. 1854-5, 1856, 
1857. 

Description des Iles et des Passages compris entre la partie nord de I’Ile 
Lucon et les Iles du Japon. Par M. A.LeGras. Paris, 1857. 8vo. 

Observations Chronométriques et autres, faites en 1853 dans |’Archipel 
des Pomotous, par M. Parchappe et M. de la Marck. Paris, 1857. 
8vo. 

Explication et Usage des Wind and Current Charts. Par M. H. Tricault. 
Paris, 1857. 8vo. 

Annuaire des Marées des Cotes de France, pour l’an 1857, publié au Depét 
de la Marine sous le Ministére de M. l’Amiral Hamelin, par A. M. R. 
Chazallon, Paris, 1856. 16mo. 

Phares des Mers du Globe, d’aprés les Documents Fran¢ais et Etrangers 
recueillés au Dépét des Cartes et Plans de la Marine, et publiés par 
Alexandre Le Gras. Paris, 1856. 8vo. 

Manuel de la Navigation dans le Rio de Ja Plata. Par A. Boucarut. 
Paris, 1857. 8vo. 

Observations sur la Navigation des Paquebots qui traversent |’ Atlantique. 
Paris, 1856. 8vo. 

Observations Générales sur l’Ocean Pacifique, par C. Phillipe de Kerhallet, 
suivies des Prescriptions Nautiques pour echapper aux Ouragans. 
Deuxiéme edition. Paris, 1856. 8vo. 

Mémoires de l’ Academie Impériale des Sciences de Saint Petersbourg. Sixiéme 
serie. Sciences Mathématiques et Physiques. Tome vi, St Petersburg, 
1857. Ato. 

Archives du Musuem d’Historie Naturelle publiées par les Professeurs-Adminis- 
trateurs de cet établissement, Tome ix., lv’ 4°™°¢ Paris, 1856-7. 4to. 

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Mathematisch- 
Naturwissenschaftliche Classe, Band xxiii., heft 2, xxiv., hefte 1,2; Philo- 
sophisch-Historische Classe, Band xxiii., hefte 1, 2, 8,4. Wien, 1857, 
8vo. 

Denkschriften der K. Akademie der Wissenschaften. Mathematisch-Naturwissen- 
schaftliche Classe, Dreizehnter Band. Phil.-Hist, Classe, Achter Band. 
Wien, 1857. 4to. 

DONORS. 
The President 
and Council. 

The Society. 

Ditto. 

Phil. Society, 
Manchester. 

Ditto. 

Dépot-Général de 
la Marine, Paris, 

The Academy. 

The Museum. 

Vienna Academy 
of Sciences. 

Ditto. 
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January 4, 1858. 

DONATIONS. 
The Canadian Journal of Industry, Science, and Art, conducted by the Canadian 

Institute. New Series, No. 12. Toronto, 8vo. 
Jahrbuch der Kaiserlich-Kéniglichen Geologischen Reichsanstalt. 1856, No. 

4; 1857, No.1. Wien, 1856—7. 8vo. 
Proceedings and Papers of the Historic Society of Lancashire and Cheshire. 

1848-54. Liverpool. 8vo. 
Address of Lord Wrottesley, the President, delivered at the Anniversary Meeting 

of the Royal Society on 30th November 1857. London, 1857. 8vo. 
Papers read at the Royal Institute of British Architects. Sessions 1855-6 and 

1856-7. London. 4to. 
Return of Births, Deaths, and Marriages, registered in the eight principal towns 

of Scotland. November 1857. 
Quarterly Journal of Agriculture, and Transactions of the Highland and Agri- 

cultural Society. January 1858. 
Transactions of the Pathological Society of London, Vol. viii. London, 1857, 

8vo. 
Medico-Chirurgical Transactions, published by the Royal Medical and Chirurgical 

Society of London. Vol. xl. London, 1857. 8vo. 

January 18, 1858. 

Scheikundige Verhandelingen en Onderzoekingen uitgegeven door G. J. Miilder. 
Eerste deel, derde stuk. Het Bier scheikundig beschouwd door G. J. Miilder. 
Rotterdam, 1857. 8vo. . 

Flora Batava, 182 Aflevering. Amsterdam. 4to. 
A Catalogue of 3735 Circumpolar Stars, observed at Redhill in the years 1854, 

1855, and 1856, and reduced to mean positions for 1855-6. By Richard 
Christopher Carrington. London, 1857, Folio. 

Denkschriften der Kaiserlichen Akademie der Wissenschaften, Mathematisch- 
Naturwissenschaftliche Classe, Zehnter und eilfter bande. 

Annales de l’Observatoire Physique Central de Russie. Par A. T. Kupffer. 
Année 1854. St Petersbourg, 1856. 4to. 

Bulletin de la Société Vaudoise des Sciences Naturelles. Tome v., No. 41. 
Lausanne, 1857. 8vo. 

Proceedings of the Natural History Society of Dublin, for the Session 1856-57. 
Dublin, 1857. 8vo. 

The Assurance Magazine and Journal of the Institute of Actuaries. Vol. viii., 
Part 4, January 1858. 8vo. 

Isothermal and Rain Charts, illustrating the Climatology of the United States, 
and of the Temperate Latitudes of the North American Continent. By 
Lorin Blodget. Philadelphia, 1857. Folio. 

February 1, 1858. 

Proceedings of the Royal Society, London. Vol. ix., No. 28, London. 8vo, 
Proceedings and Papers of the Historic Society of Lancashire and Cheshire. 

Sessions 1 to 6. Liverpool, 1849-54. 8vo. 
Papers read at the Royal Institute of British Architects. Sessions 1855-56 and 

1856-57. London, 1856-7, 4to. 
The Canadian Journal of Industry, Science, and Art. November 1857. Toronto. 

8vo. 
Atlantis: A Register of Literature and Science Conducted by Members of the 

Catholic University of Ireland. No.1. January,1858, London, 8vo. 
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The Vienna 
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General. 
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The Author. 

King of Holland. 

The Lords of 

Admiralty. 

The Vienna 

Academy. 

The Observatory. 

The Society. 

Ditto. 

The Institute. 

Professor Henry 

D. Rogers. 

The Society. 
Ditto. 

The Canad. Inst. 

The Editors. 

Ditto. 
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DONATIONS. 
CEuvres Complétes de N. H. Abel, Mathématicien, avec des notes et développe- 

ments. Rédigées par B. Holmboe. 2 Tomes. Christiania, 1839. 4to. 
Quelques Observations de Morphologie Végétale faites au Jardin Botanique de 

Christiania, par J. M. Norman. Christiania, 1857. 4to. 

Inversos vessice urinarie og liixationes femorum congenite hos samme Individ, 
iagttagne af Lektor Voss. Christiania, 1857. 4to. 

Observations sur les Phénoménes d’Erosion en Norvége, recueillies par J. C. 
Horbye, Christiania, 1857. 4to. 

Bemerkungen iiber den mechanischen Bau der Baumwoll-Faser, von Gilbert J. 
French. Hanover, 1857. 8vo. 

Journal of the Asiatic Society of Bengal, 1857, No. 4. Calcutta, 1857. 8vo. 
Jahrbuch der Kaiserlich-Koniglichen Geologischen Reichsanstalt, 1856, No. 4; 

1857, No.1. Wien. 8vo, 
Nyt Magazin for Naturvidenskaberne Binds I—IX. Christiania, 1842. 8vo. 
Astronomical Observations made at the Observatory of Cambridge, by the Rev. 

James Challis. Vol. xvii., for the years 1849, 1850, and 1881. 
Cambridge, 1857. 4to. 

Bulletin de la Société Vaudoise des Sciences Naturelles. 
sanne, 1854-7. 8vo. 

Address of Thomas Bell, F.L.S., President to the Linnean Society, London, May 
25,1857. London, 1857. 8vo. 

Ueber die Geologie des Siidlichen Norwegens von Theodor Kjerulf, mit Beitragen 
van Tellef Dahll. Christiania, 1857. 8vo. 

Lehrbuch der Mechanik von Dr P. J. Broch. Christiania, 1854. 8vo. Beitragen 
zur Lateinsischen Grammatik, I. Von L.C. M. Aubert. Christiania, 1856. 
8vo. 

Nos. 34-40. Lau- 

March 1, 1858. 

Quarterly Return of the Births, Deaths, and Marriages registered in the Divisions, 
Counties, and Districts of Scotland, Quarter ending 31st December 1857. 

Journal of Agriculture and Transactions of the Highland and Agricultural So- 
ciety of Scotland. March 1858. 

Documents and Proceedings connected with the Donation of a Free Public 
Library and Museum by William Brown, M P., to the Town of Liverpool. 
Liverpool, 1858. 8vo. 

Philosophical Transactions of the Royal Society of London for the year 1857. 
Vol. clxvii., Part 2. London. 1858. 4to. 

List of the Royal Society of London, 1857. 
Six Discourses delivered before the Royal Society, &e. By Sir Humphrey Davy, 

Bart. London. 1827. 4to. 
Report on the Adjudication of the Copley, Rumford, and Royal Medals, &c. 

London. 18384. Ato. 
Portugaliz Monumenta Historica, a seculo octavo post Christum usque ad 

quintumdecimum, jussu deus Scientiarum Olisiponensis edita. Leges 
et Consuetudines, volumen I. fase. I., Scriptores, volumen 1. fase. 1. Olisi- 
pone. 1856. 

Memorias da Academia R. das Sciencias de Lisboa, 2* serie, Tom. i. ii. iii. 
Do. Nova serie 1* e 2° classe, tom. I., p¢ 1 e 2; 2 pt 2. 

The Canadian Journal of Industry, Buieace, and Art. January 1858. 
Almanaque Nautico para el ano 1859. Calculado de Orden de S. M. en el 

Observatorio de Marina de la Ciudad de 8, Fernando, Cadiz, 1857. 
Sulle forme cristalline del Boro Adamantino, per Quintino Sella. Torina. 

1857. Ato. 
Sulle forme cristalline di Alcuni sali de Platino e del Boro Adamatino, per 

Quintino Sella. Torino, 1857. 4to. 
Translation from Dutch Pamphlets on Herring Fisheries. 

Trade). London, 1858, 8vo. 
1857. (Board of 

DONORS. 
The University 
Christiania. 

M. Norman. 

The University 
Christiania. 

Ditto. 

G. Lawson, Ph. D. 

The Society. 
The Vienna 
Institute. 

The University. 
The Syndicate 
Observatory of 
Cambridge. 

The Society. 

Ditto. 

The Author. 

Ditto. 

The Registrar- 
General, 

The Society. 

Dr Hume. 

Royal Society of 
London. 

Ditto. 

Ditto. 

Ditto. 

The Royal Acad. 
Lisbon. 

Ditto. 

The Canad. Inst. 

The Observatory, | 
S. Fernando. 

The Author, 

Ditto. 

Dr Stark. 
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DONATIONS. 
Proceedings of the Royal Astronomical Society. Vol. xviii. No. 3. 
Quarterly Journal of the Chemical Society. No. 40. 
Colleccio de Noticias para a Historia e Geografia das Nagées Ultramarinas, que 

vivem nos dominios Portuguezes ou Lhes Sao Visihhas; publicada pela 
Academia Real das Sciencias. Tom, v., vi., vii. Lisboa, 1836-56. 8vo. 

Viagens extensas e dilatadas do celebre Arabe Abu-Abdallah, mais conhecido 
pelo nome de Ben-Batuta. Traduzidas por Jose de Santo Antonio Moura. 
Tomo ii. Lisboa, 1855. 8vo. 

Annales das Sciencias e Lettras, publicados debaixo dos auspicios da Academia 
Real das Sciencias 1° Classe, Sciencias, Mathematicas, Physicas, Historico- 
Naturaes, e Medicas, Tomo i. Marco—Septembro 1857. 2% Classe, 
Sciencias, Moraes, e Politicas, e Bellas Lettras, tome i. Mareo—Julho, 1857. 

Transactions of the Linnean Society of London. Vol. xxii. Part 2. London, 
1857. 4to. 

March 15, 1858. 

A Treatise on Electricity in Theory and Practice. By Aug. De la Rive. 
Translated for the Author by Charles V. Walker, F.R.S. London, 1858. 
8vo. Vol. iii. 

Journal of the Statistical Society, March 1858. 

The American Journal of Science and Art. January 1858. 8vo. 
Transactions of the Royal Scottish Society of Arts, Vol. v. Part 1. Edinburgh, 

1857. 8vo. 
Memorie della Accademia delle Scienze dell’ Istituto di Bologna, 

Bologna, 1857. 4to. 
Proceedings of the Royal Astronomical Society. Vol. xviii. No. 4. 
Proceedings of the Royal Society of London. Vol. ix. No. 29. 
Map of England and Wales, showing the Path of the Centre of the Moon’s 

Shadow on the 15th March 1858. 

Tomo VII. 

April 5, 1858. 

Monthly Return of the Births, Deaths, and Marriages registered in the eight 
principal towns of Scotland, with the Causes of Death, at four periods of 
Life. March 1858. 

Supplement to the Monthly Returns of Births, Deaths, and Marriages, 
1857. 

Monatsbericht der Koniglichen Preuss, Akademie der Wissenschaften zu Berlin. 
Sept., Oct., Nov., Dec. 1857. 8vo. 

The American Journal of Science and Art, March 1858. 8vo. 
Proceedings of the Royal Medical and Chirurgical Society of London. 

No, 1. London, 1858. 8vo, 
Catalogue of the Antiquities of Stone, Harth, and Vegetable Materials in the 

Museum of the Royal Irish Academy, By W. R. Wilde, M.R.L.A. 
Dublin, 1857. 

Account of the Astronomical Experiment of 1856, on the Peak of Teneriffe, 
By Professor C. Piazzi Smyth, Astronomer-Royal for Scotland. 

Monthly Notices of the Royal Astronomical Society, from November 1856 to 
July 1857. Vol. xvii. London, 1857. 8vo. 

Memoirs of the Royal Astronomical Society. Vol. xxvi. 
4to. 

Mémoire sur un rapprochement nouveau entre la Théorie moderne de la propa- 
gation linéaire du Son, dans un tuyau cylindrique, horizontal d’une longueur 
indéfinie, et la Théorie des Pulsions exposée par Newton dans les deux 
Propositions xlvii. et xlix. du second Livre des Principes. Par Jean Plana. 
Turin, 1857. 4to. 

VOL. XXII. PART III. 

Year 

Vol, ii, 

London, 1858. 

723 

DONORS. 
The Society. 

Ditto. 
Royal Acad. 
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Ditto. 

Ditto. 
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The Author. 
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The Editors. 
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Ditto. 

H. F. Talbot, 
Esq. 

The Registrar- 
General. 

Ditto. 

The Berlin 
Academy. 
The Editors. 
The Society. 

The Academy. 

The Author. 

The Society. 

Ditto. 

The Author. 
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DONATIONS. DONORS. 
Mémoire sur la Mouvement conique 4 double courbure d’un Pendule simple dans ~The Author. 

le vide Abstraction faite de ]a Rotation diurne dela Terre. Par Jean Plana. 
Turin, 1858. 4to. 

Abhandlungen der Koeniglich Bayerischen Akademie der Wissenschaften. The Academy. 
Mathem.-Physikalischen Classe, achten Bandes, erste abtheilung. Philos,- 
Philologischen Classe, achten Bandes, erste and zweite abtheil. Mun- 
chen, 1856, 4to. 

Proceedings of the Zoological Society, Nos. 339-348. London, 8vo. The Society. 
Gelehrte Anzeigen der K. Bayerischen Akademie der Wissenschaften. Binde The Academy. 

42-45. Munchen, 1856-57. 4to. 
Comptes Rendus hebdomadaires des Séances de |’Academie des Sciences. Par Ditto. 

MM. les Secretaires perpetuels. Paris, 1857-8. 
Madras Journal of Literature and Science, edited by the Committee of the Madras Dr Cleghorn, 

Literary Society, and Auxiliary Royal Asiatic Society. Vols. i, ii., and Madras, 
iii. of New Series. 

November 22, 1858. 

Proceedings of the Royal Society, London. Vol. ix. No. 31. 8vo. The Society. 
The Twenty-fifth Annual Report of the Royal Cornwall Polytechnic Society, Ditto. 

1857. 8vo. 
Journal of the Statistical Society of London. Vol. xxi. Parts 2 and 3. 8vo. Ditto. 
Proceedings of the Royal Medical and Chirurgical Society of London. Vol, ii. Ditto. 

No. 2. 8vo. 
Proceedings of the Zoological Society. Nos. 349-61. 8vo. Ditto. 
Memoirs of the Literary and Philosophical Society of Manchester. Vol. xiv. Ditto. 

8vo. 
Journal of the Royal Geographical Society. Vol. xxvii. 8vo. Ditto. 
Proceedings of the Royal Geographical Society. Vol. ii. Nos. 3, 4, and 5. Ditto. 

8vo. 
Notices of the Proceedings of the Royal Institution of Great Britain. Part viii. The Institution. 

8vo. 
List of the Members, Officers, &c., of the Royal Institution of Great Britain for Ditto. 

1857. 8vo. 
The Quarterly Journal of the Chemical Society. No. 42. 8vo. The Society, 
Journal of the Geological Society of Dublin. Vol. viii. Part 1. 8vo. Ditto. 
Proceedings of the Literary and Philosophical Society of Liverpool. No. 12. Ditto. 

8vo. 
Journal of the Proceedings of the Linnean Society. Vol. ii. No. 8; Vol. ii. Ditto. 

Nos. 9 and 10. 8vo. 
The Quarterly Journal of the Geological Society. Nos. 54, 55, and 56. 8vo. Ditto. 
Journal of the Royal Dublin Society. Vol.i. 8vo. Ditto. 
The Journal of Agriculture, and the Transactions of the Highland and Agri- Ditto. 

cultural Society of Scotland No. 62. 8vo. 
The Assurance Magazine and Journal of the Institute of Actuaries. Nos. 32 The Institute. 

and 33. 8vo. 
List of Members of the Institute of Actuaries, 1858-59, 8vo. Ditto. 
The Canadian Journal of Industry, Science, and Arts. Nos.15to17. 8vo. Canad. Inst. 
The American Journal of Science and Arts. Nos. 75 to 77. 8vo. The Editors. 

Madras Journal of Literature and Science. Vol. iii. No. 6. 8vo. Mad. Lit. Soc. 
The Atlantis: A Register of Literature and Science. No.2. 8vo. The Editors. 
Proceedings of the Academy of Natural Sciences of Philadelphia. From The Academy. 

April 7, 1857, to April 27, 1858. 8vo. 

Notice of some Remarks by the late Mr Hugh Miller. By Mr W. P. Foulke. The Author. 
8vo. 

Reports on the Meteorology of Scotland for 1857. 8vo. Meteorol. Soc. 



LIST OF DONATIONS. 

DONATIONS. 
Address to the Meteorological Society of Scotland. By Jas. Stark, M.D. &vo. 
Translation from the Dutch Pamphlets on Herring Fisheries. 8vo. 
Journal of the Asiatic Society of Bengal. Nos, 264, 266, and 267. 8vo. 

History of Scientific Ideas. By Wm. Whewell, D.D. Vols. i. and ii. 8vo. 
Canal and River Engineering. By David Stevenson, F.R.S.E. 8vo. 
Notes on the Prior Existence of the Castor Fiber in Scotland. By Charles 

Wilson, M.D. 8vo. 
Reports of Continental Children’s Hospitals. 8vo. 
A Treatise on Light, Vision, and Colours. By Thos. Bett, Esq. 8vo. 
Der Naturen Bloeme, van Jacob van Maerlant., 8vo. 
Rhymbal von Jacob van Maerlant: Erste Deel. 8vo. 
Bulletin de la Société Impériale des Naturalistes de Moscou. Nos. 1 to 4. 8vo. 
Compte Rendu de |’Académie Impériale des Sciences de St Petersbourg. 1856, 

8vo. 
Mittheilungen der Naturforschenden Gesellschaft in Bern. Nos. 360 to 407. 

8vo. 
Verhandlungen der Schweizerischen naturforschenden Gesellschaft in Basil. 

1856. 8vo. 
Bulletin de la Société Vaudoise de Sciences Naturelles. Tome v., Bulletins 41 

et 42. 8vo. 
Bulletin de la Société de Geographie, Paris. Tomes 14 et 15. 8vo. 
Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen, 

Amsterdam. Afdeeling Natuurkunde, Deel vii. 8vo. Afdeeling Let- 
terkunde, Deel iii. 8vo. 

Variations Annuelles et Horaires des Instruments Météorologiques 4 Bruxelles. 
Par M. Quetelet. 8vo. 

Observations des Passages de la Lune et des Etoiles de méme culmination. 
Par M. Quetelet. 8vo. 

Composition de l’Atmosphére. Par M. Lamont. 8vo. 
Rapport sur l’Etat et les Travaux de lObservatoire Royal, pendant |’Année 

1856. Par M. Quetelet. 8vo. 
Eclipse de Soleil du 15 Mars 1858. Par M. Quetelet. 8vo, 
Catalogues van de Bockerij du Kéninklijke Akademie van Wetenschappen, 

Amsterdam. Deeli. 8vo. 
Jaarboek van de Koninklijke Akademie van Wetenschappen, Amsterdam. 

1857-58.  8vo. 
Bibliografia Italiana delle Scienze Mediche. Serie I. Vol. Prima. 8vo. 

Rendiconto delle Sessioni dell’ Accademia delle Scienze dell’ Istituto di Bologna. 
1855-56. 8vo. 

Die Fortschritte der Physik in Jahr, 1855. Dargestellt von der Physikalischen 
Gesellschaft zu Berlin. 8vo. 

Jahresbericht iihn die Fortschritte der reinen, Pharmaceutischen und technischen 

Chemie, Physik, Mineralogie, und Geologie——Chemie und verwandter 
Theile anderen Wissenschaften yon Hermann Kopp und Henrich Will.— 
Physik von Frederich Zamminer. Fir 1857. Register zu den Berichten 
fiir 1847 bis 1856. 8vo. 

Publications of the Dépét Général de la Marine :— 
Collection of Charts. 
Erreurs des Compas dues aux attractions locales a Bord des Navires en 

Bois et en Fer. Par M. Darondeau. 8vo. 
Supplement au Catalogue Chronologique des Cartes. Plans, Vues de 

Cotes, &c. 8vo. 

Manuel de la Navigation dans le Detroit de Gibraltar. Par Dumolin 
et de Kerhallet. 8vo. 

Reconnaissance Hydrographique des Cétes occidentales du Centre 
Amerique, Province de Veraquas (Nouvelle Grenada). Par M. De 
Rosencoat, 8vo. 
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The Author, 
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The Author, 

Ditto. 

Ditto. 

The Society. 

The Academy. 

The Society, 
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Ditto. 

The Academy. 

The Author. 

Ditto. 

M. Quetelet. 
Ditto. 

Ditto. 
The Academy. 
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The Academy. 
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The Editors. 
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Publications of the Dépot Général de la Marine—Continued :— 

Note sur les Courants de l’Ocean Atlantique entre ’Equateur et le 10¢ 
degré de latitude N. Par M. Lefebvre. 8vo. 

Supplement au Livre des Pharas. Par M. Le Gros, 8vo. 
Annales Hydrographiques. Vol. xiii, 8vo. 
Notes sur la Navigation de l’Archipel des Marquises. Par M. Jouan. 

8vo. 
Instruction a Levivre pour allier mouller sur la Rade de Santa Cruz. 

8vo. 
Annuaire des Maries des Cotes de France, pour 1858. Par M. Chazal- 

lon. 32mo. 
Annaes des Sciencias e Lettras publicados debaixo dos auspicios da Academia 

Real das Sciencias.—Sciencias Mathematicas-Physicas, Historico-Naturaes, 
e Medicas, Vol. i. Nos. 1-7.  Sciencias Moraes e Politicas, e Bellas 
Lettras, Vol. i. Nos. 1-5. Noticias para a Historia e Geografia das 
Nacoes Ultramarinas, Tomo vi. 8vo. 

Berichte iiber de Verhandlungen der Kéniglich Sachsischen Gesellschaft der 
Wissenschaften zu Leipzig. Philologisch-Historiche Classe, 1856, iii. 
and iv.; 1857, i. and ii.; 1858, ii—Mathematische-Physiche Classe. 
1857, ii. and iii.; 1858, 1. 8vo. 

Bulletin de Academie Royale de Belgique. II. Series. Tomes i, ii., and iii. 
8vo. 

Mémoires Couronnés et Autres Mémoires. Tome vii. Publies par l’Académie 
Royale de Belgique. 8vo. 

Annuaire de |’Académie Royale de Belgique. 1858, 8vo. 
Annuaire de l’Observatoire Royal de Bruxelles. Par M. Quetelet. 1858. 

32mo. 
Annales de l’Observatoire Royal de Bruxelles Par M. Quetelet. Tome xii. 

4to. 
Observations des Phénoménes Periodiques. 4to. 
Jahrbuch du Kaiserlich-Koniglichen Geologischen Reichsanstalt. Wien. 1857. 

IND oS sand 4a ovos 
Monatsbericht der Kéniglichen Preuss. Akademie der Wissenschaften zu Berlin, 

Januar, Februar, Marz, April, Mai, Juni, 1858. 
Geological and Topographical Map of London and its Environs. By R. W. 

Milne, F.R.S. 8vo. 
Collection of Maps of the Basin of La Plata, &e. By Thomas J. Page, U.S. 

Navy. 
Explanations and Sailing Directions to accompany the Wind and Current Charts. 

By M. F. Maury, LL.D., U.S. Navy. Vol.i. 4to. 
Report of Progress 1853-86 of Geological Survey of Canada. 8vo. 
Plans of Lakes and Rivers between Lake Huron and the River Ottawa, to accom- 

pany the Geological Reports. 4to. 
Memoirs and Papers of Hugh E. Strickland, M.A. By Sir W. Jardine, Bart. 

8vo. } 
Astronomical and Meteorological Observations made at the Radcliffe Observatory, 

Oxford, in 1856. Vol. xvii. 8vo. 
Neue Denkschriften der Allgemeinen Schweizerischen Gesellschaft fiir die 

gesammten Naturwissenschaften. Zurich. Band xv, 4to. : 
The Habeeb-os-Seear. By Mirza Gheeos-od-Deen bin Mirza Hamacem-od- Deen. 

Being a General History of the World from the Earliest Times to the Year 
of the Hijira 930., a.p. 1520. 2 vols, 4to. 

Compte-Rendu Annuel. Par A. T. Kupffer. Année 1856. 4to. 
Memorie della Reale Accademia delle Scienze de Torino. Tom. xvii. 4to. 
Sulle Forme Cristalline di Alcuni Sali di Platino e del Boro Adamantino. Per 

Q. Sella. 4to. 
Sulle Forme Cristalline del Boro Adamantino. 2do. Memoria. Per Q. Sella. 

4to. 

DONORS. 

Dépét Général de 
la Marine. 

The Academy. 

The Society. 

The Academy. 

Ditto, 

Ditto. 

The Author. 

Ditto. 

Ditto. 
The Institution. 

The Academy. 

The Author. 

Ditto. 

Ditto. 

Sir W. E. Logan. 
Ditto, 

The Author. 

The Radcliffe 
Trustees. 

The Society. 

Ali Muhammed 
Khan, Ottoman 

Consul, Bombay. 
The Author. 
The Academy. 
The Author, 

Ditto. 



LIST OF DONATIONS. 

Donations, 
List of Members, Report of Council, &c., of the Royal Institute of British Archi- 

tects. 1858. 4to. 
Verhandlingen du Koninklijke Akademie van Wetenschappen. 

Deels. iv., v., and vi. 4to. 
Flora Batava. Part 183. 4to. 
Observations on the Genus Unio. By Isaac Lea, LL.D. Vol. vi. Part 1. 4to, 
Judicial Statistics, 1857, England and Wales.—Police, Criminal Proceedings, 

Amsterdam. 

Prisons ; Common Law, Equity, Civil and Common Law. 4to, 
Meteorological Tables of the Board of Trade. Nos. i., ii., and ii, 4to. 
Report on the Meteorological Department of the Board of Trade. 1858. 8vo. 
Barometer and Weather Guides. By R. Adon. Fitzroy. 8vo. 
Transactions of the Society of Antiquaries of London. Vol. xxxvi., No. 2. 

Ato, 
Proceedings of the Society of Antiquaries of London. Vol. iv. No. 47.  8vo. 
List of Members of the Society of Antiquaries of London for 1858. 8vo. 
Observations Météorologiques faites 4 Nijné-Taguilsk. Résumé des Dix Années 

1845-54; et Année 1855, et Année 1856. 8vo. 
Danzigs Handels und Gewerbsgeschichte unter dur Herrschaft des Deutschen 

Ordens. Von du Theodor Hirsch. 8vo. 
Elektrische Untersuchungen. Zweite Abhandlung: iiber die Thermo-Elektri- 

schen Eigenschaften des Boracites. 1857. 8vo. 
Elektrische Untersuchungen. Dritte Abhandlung : iiber Elektricitiits ; erregung 

Zwischen Metallen und erhitzten Salzen. 1858. 8vo. 
Nouveau Principe sur la Distribution des Tensions dans les Systémes Hlastiques, 

Par M. L. F. Ménabria. to, 
Archives de Museum d'Histoire Naturelle. Tome x. Liv™ 1et2. 4to. 

Den Magnetische Inclinations Forandringeri den Nordlige og Sudlige Halvkugle. 
Af Christopher Hansteen. 4to. 

Astronomical, Magnetical, and Meteorological Observations made at the Green- 
wich Observatory. 1856. 4to. 

Magnetical and Meteorological Observations made at Bombay Observatory. 
1856. 4to. 

Abhandlungen du Kéniglichen Gesellschaft du Wissenschaften zu Gottingen. 
Band vii. 1856-57. 

Abhandlungen du Kéniglichen Akademie du Wissenschaften zu Berlin. 1857, 
Compendio Storico della Scuola Anatomica di Bologna. Scritto da Michele 

Medici. Folio. 
Rendiconto della Societa Reale Borbonica. Anno V. 
Memorie della Reale Accademia delle Scienze. 

Vol. i1., 1855-57. 4 to. 
Account of the Principal Triangulation, and of the Figure, Dimensions, and 

Mean Specific Gravity of the Earth, as derived therefrom. By Captain 
A. R. Clarke of the Ordnance Survey. 4to. 

Details au Sujet de la Formation des Oolites Calcaires. 
8vo. 

Index Map to the Ordnance Survey of England and Wales. 
Compte-Rendu de l’Académie Imperiale des Sciences de St Petersbourg. 1857. 
Abhandlungen, Herausgegeben von der Senkenbergischen Naturforschenden 

Gesellschaft. Band i1., Lief. 92. 

4to. 
Napoli. 

Napoli. 

Vol. i., 1852-54; 

Par M. J. Fournet. 

Engravings of the Ganglia and Nerves of the Uterus and Heart. By Robert 
Lee, M.D., F.R.S. 8vo. 

Proceedings of the Royal Geographical Society of London. Vol. u. No. 6. 
8vo. 

Transactions of the Cambridge Philosophical Society. Vol. x. Part 1. 8vo. 

VOL. XXII. PART III. 
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Donors. 

The Institute. 

The Academy. 

King of Holland. 
The Author. 
Secretary of State 
Home Depart. 

The Board. 
Ditto. 
Ditto. 

The Society. 

Ditto. 

Ditto. 

Roy. Sax. Soe. 
Science, Leipsic. 

Ditto. 

Ditto. 

The Author. 

The Museum. 
The Author. 

Royal Society. 

East India Coy. 

The Society. 

The Academy. 

The Author. 

The Society. 
The Academy. 

Secretary of State 
for War.. 

The Author. 

Board of Ordnance 

The Academy. 
The Society, 

The Author. 

The Society. 

Ditto. 



728 LIST OF DONATIONS. 

December 20, 1858. 

DONATIONS. 
Quarterly Journal of the Medico-Chirurgical Society, No. 43. 
Bulletin de la Société Impériale des Naturalistes des Moscou. 

8vo. 
1857, Nos. 2, 

3, and 4. 1858, No.1. 8vo. 
Transactions of the Pathological Society of London. Vol. ix. 8vo. 
Schriften der Universitat zu Kiel. 1856, Band ii. 1857, Band iv. 4to. 

Journal of the Statistical Society of London. Vol. xxi. Part 4. Dee. 
1858. 8vo. 

Memoirs of the Literary and Philosophical Society of Manchester. Vol. xv. 
Part 1. 8vo. 

Proceedings of the Literary and Philosophical Society of Manchester. Nos. 1 
to, 14; Gvo. 

Hight Maps of Hindostan. Nos. 24, 38, 54, 73, 102, 1038, 111, and 112. 
An Account of some Recent Researches near Cairo, undertaken with the view 

of throwing light upon the Geological History of the Alluvial Land of 
Egypt. Instituted by Leonard Horner, Esq. 4to. 

Proceedings of the Zoological Society of London. Nos. 162 to 169, 8vo. 
Transactions of the Zoological Society of London, Vol. iv. Part 5. 4to. 
77 New Charts, 4 Corrected Charts, and 15 Books and Pamphlets. 

Notice of Two new Maximum and Minimum Thermometers. By the Rev. J. G. 
Maevicar, D.D., of Moffat. 

January 3, 1859. 

The Lithology of Edinburgh, by Rev. John Fleming, D.D., F.R.S.E. With a 
Memoir by the Rev. John Duns, Torphichen. 6vo. 

Annales de l’Observatoire Physique Central de Russie. 
and 2. 4to. 

Medico-Chirurgical Transactions. Vol. xli. 8vo. 
Journal of Agriculture and Transactions of the Highland and Agricultural 

Society of Scotland. No. 63. 8vo. 
Nyt Magazin for Naturvidenskaberne. Udgives af den physiographiske Fore- 

nung i Christiania ved M. Sars og Th. Kjerulf. Tiende Binds forte Heft. 
8vo. 

Norges Historie i Kortfattet Udtog af P. A. Miinch. Fierde Udgave. 
Gamle Norske Folkeviser Udg. af Sopus Bugge. 8vo. 
Kortfattet Beiledning af M. G. Fletting. 8vo. 
Norges Gamle Love, indtil 1387. Ved R. Keyser og P. A. Miinch 1, 2, and 

3 Binds. Folio. 
Det Norske Sprogs vaesentligste Ordforrand Sammenlignet nud Sanskrit, &c. 

Af Chr. A. Holmboc. 8vo. 

Anna 1855. Nos. 1 

8vo. 

January 17, 1859. 

On the Currents of the Ocean. 
Review of Marcou’s Geology of North America. 
Francesca da Rimini, her Lament and Vindication. 

8vo. 
Nyt Magazin for Naturvidenskaberne, ved M. Sars og Th. Kjerulf. 

2 det og, 3 die Hefte. 8vo. 
Physikalske Meddelelser ved Adam Arndtsen. 4to. 
Om Piperviken og Ruselékbakken. Ved Gilert Sundt. 

By James D, Dana. 8vo. 
By James D. Dana. 8vo. 

By H. C. Barlow, M.D. 

10de Binds, 

8vo. 

DONORS. 
The Society. 

Ditto. 

Ditto. 
The University. 
The Society. 

Ditto. 

Ditto. 

East India House. 
The Author. 

The Society. 
Ditto. 

The Admiralty, 
The Author. 

The Publisher. 

The Russian 
Government. 
The Society. 
The Highland 

Society. 
University of 
Christiania. 

Ditto. 
Ditto. 

Ditto. 
The Royal Society 

of Drontheim. 

Ditto. 

The Author. 

Ditto. 

The Author. 

Roy. Univ. Norw., 
Christiania. 

Ditto. 

Ditto. 



LIST OF DONATIONS. 

DONATIONS. 
Ueber das Vorkommen von Quellengebilden in Begleitung des Basaltes der 

Werra-und Fulda-Gegendender. Von Joh. F.L. Hausmann. 4to. 
Ueber den Kinfluss der Beschaffenheiten du Gesteine auf die Architektur. 

J. F.L, Hausmann. 4to. 
Oversigt over det Kongelige danske Videnskabernes Selskabs Forhandlinger. 

Aaret 1857. 8vo. 
Nachrichten von der Georg-Augusts-Univeérsitat und der Kénigl. Gesellschaft 

der Wissenschaften zu Gottingen. 1857. 8vo. 
Acta Academie C, L. C. Nature Curiosorum. Vol. xxii., Suppl.; Vol. xxvi. 

Part 1. 4to. 
Kongliga Svenska Vetenskaps-Akademiens Hanlingar. 

Haftet, 1856. 4to. 
Ofversigt af Kong]. Vetenskaps-Akademiens Forhandlingar. 1857. 8vo. 
Berattelse om Framstegen i Fysik under dr 1852. Af E. Edlund. 8vo. 
Kongliga Svenska Fregatten Eugenies Resa Omkring Jorden under befal af C. 

A. Virgin. Aren, 1851-1853. Haft 1-5. 4to. 
Journal of the Royal Dublin Society, Nos. 9-11. 8vo, 
The Assurance Magazine and Journal of the Institute of Actuaries. No. 34. 
Meteorologische Beobachtungen aufgezeichnet an der Konig]. Sternwarte bei 

Munchen in den Jahren, 1825-37. 8vo. 
Annalen der Kénigl. Sternwarte bei Munchen. Band. x. 8vo. 
Astronomische Beobachtungen auf der Kénigl. Universitits-Sternwarte zu 

Konigsberg. 33 Abtheilung. Folio. 
Observations on British Zoophytes, Descriptions of New Protozoa and of two 

Tubicolar Animals. By Dr T. Strethill Wright, 7 Pamphlets. 8vo. 

Von 

Forsta Bandet, Andra 

February 7, 1859. 

Bulletin la Société WVaudoise des Sciences Naturelles. Tome vi. Bulletin 
No. 43. 8vo. 

Catalogue de la Bibliotheque de la Société Vaudoise. 8vo., 
Almanaque Nautico para 1860, caleulado de orden de 8, M. en el Observa- 

torio de Marina de la Ciudad de San Fernando. 8vo. 
Mémoire sur la Relation des Sources Thermales de Plombiéres, avec les Filons 

Metalliferes, et sur la Formation Contemporaire des Zéolithes, Par M. 
Daubrée. 8vo. 

Recherches Experimentales sur le Striage des Roches du au Phénoméne Erra- 
tique. Par M. Daubrée. 8vo. 

Observations sur le Métamorphisme. Par M. Daubrée. 8vo. 
Journal of the Proceedings of the Linnean Society. Vol. ii. No. 11. 
Transactions of the Linnean Society. Vol. xxii, Part 3. 4to. 
Transactions of the Historic Society of Lancashire and Cheshire. Vol. x. 8vo. 
Transactions of the Botanical Society of Edinburgh. Vol. vi. Part 1. @vo. 
Atlantis; a Register of Literature and Science conducted by the Members of 

the Catholic University of Ireland. No, 3. 8vo. 
Siluria. By Sir R. I. Murchison. 3d Edition, 8vo. 
The Canadian Journal of Industry, Science, and Art. Nov. 1858. 
The Statistics of Marriage in England. By 8. M. Drach. 8vo. 
Hore Subsecive. Locke and Sydenham, with other Occasional Papers. 

John Brown, M.D. 8vo. 
Proceedings of the Berwickshire Naturalists’ Club. Vol. iv. No. 2. 

8vo. 

8vo. 

By 

8vo. 

March 7, 1859. 

Anniversary Address to the Geological Society of London. 
Portlock, R.E. 8vo. 

By Major-General 
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The Author. 

Ditto. 

The Society, 

The Royal Society 
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The Academy. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

The Society, 
The Institute. 
Royal Observa- 
tory of Munich. 

Ditto. 
The University. 

The Author, 

The Society. 

Ditto, 
The Observatory. 

The Author. 

Ditto. 

Ditto. 
The Society. 

Ditto. 

Ditto. 

Ditto. 
The Editors. 

The Author. 
Canadian Inst. 
The Author. 

Ditto. 

The Club, 

The Author. 



730 LIST OF DONATIONS. 

DONATIONS. 
The Quarterly Journal of the Geological Society. February 1859. 
The American Journal of Science and Arts. January 1859. 8vo. 
Proceedings of the Royal Geographical Society of London. Vol. iii. No.1. 8vo. 
Journal of Agriculture, and Transactions of the Highland and Agricultural 

Society of Scotland. No. 64. (March 1859). 8vo. 
Quarterly Journal of the Chemical Society. January 1859. 8vo. 
Journal of the Statistical Society of London. Vol. xxii. Part 1. 8vo. 
A Catalogue of the Graduates in the Faculties of Arts, Divinity, and Law, of 

the University of Edinburgh since its Foundation. 8vo. 
Comets: their Constitution and Phases. By Christopher Kemplay. 

8vo. 

8vo. 

Report on the Teneriffe Astronomical Experiment of 1856. Addressed to the 
Lords Commissioners of the Admiralty. By Professor C. P. Smyth. 4to. 

Report of the Proceedings of the Geological and Polytechnic Society of the 
West Riding of Yorkshire. 1857-58. $8vo. 

China and its Trade. By John Craufurd, F.R.S. 8vo. 

Sensorial Vision. By Sir J. F. W. Herschel, Bart. 8vo. 
Annual Report of the Leeds Philosophical and Literary Society for 1857-58. 8vo, 
On the Structure of Lecidia lugubris. By W. Lauder Lindsay, M.D. 8vo. 
Atti dell’ imp. Reg. Istituto Veneto de Scienze, Lettere ed Arti. Dal Novem- 

bre 1858 all’ Ottobre 1859. Tomoiv. Dispensa Terza. 8vo. 
Transactions of the Botanical Society of Edinburgh. Vol. i. Part 3. Vols, 

ii., lii., iv., and v, Proceedings for 1856, Sixth, Seventh, and Highth 
Annual Reports and Proceedings for 1841-44, 8vo, 

Donation to the Museum— 

Geological Specimens from the Peak of Teneriffe. By Professor C. Piazzi 
Smyth. 

March 21, 1859. 

Note sur la Cométe de Donati. Par M. E. Plantamour. 8vo. 
Résumé Météorologique de l’Années 1855, 1856, et 1857, pour Genéve et le 

Grand Saint-Bernard. Par M. E. Plantamour. 8vo, 
Observations Astronomiques faites a l’Observatoire de Genéve, dans les Années 

1851 et 1852, ParM.E. Plantamour. 4to. 
De la Temperature a Genéve d’apres vingt années d’Observations 1836 4 1855. 

Par M. E. Plantamour. 4to. 
Sketch of the Civil Engineering of North America, 

F.R.S.E. 8vo. 
Mémoires de la Société Impériale des Sciences Naturelles de Cherbourg. 

Tome v., 1857. 8vo. 

Transactions of the Royal Society of Literature. 
Part 1, Vol. vi. 8vo. 

Occasional Papers on the Theory of Glaciers, with a Prefatory Note on the 
Recent Progress and Present Aspect of the Theory. By James D. Forbes, 
D.C.L., F.R.S., &e. 8vo. 

Bulletin de la Société des Sciences Naturelles de Neuchatel. 
8vo. 

Bulletin de la Société de Geographie. Tome xvi. 8vo. 
Mémoires de la Société de Physique et d’Histoire Naturelle de Genéve. 

xiv., 2° partie. 4to. 
Untersuchungen iiber die Rechtung und Starke dis Erdmagnetismus an ver- 

schiedenen puncten des Siidwestlichen Europa. Von DrJ. Lamont. 4to. 
Abhandlungen der Koniglich Bayerischen Akademie der Wissenschaften. 

Philos.-philologischen Classe, Vol. viii. Abth. 3. Math.-physicalischen 
Classe, Vol. viii. Abth. 2. Historischen Classe, Vol. viii. Abth. 2. 4to., 

By David Stevenson, 

Vols. i., il, li., iv., v., and 

Tome iv. Cahier 3. 

Tome 

DONORS. 
The Society. 
The Editors. 
The Society. 

Ditto. 

Ditto. 
Ditto. 

The University. 

Leeds Phil, and 
Lit. Soe. 

The Author. 

The Society. 

Phil. and Lit. 

Soc., Leeds. 
Ditto. 

The Society. 
The Author. 
The Institute. 

The Society. 

The Author. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

The Society. 

Ditto. 

The Author. 

The Society. 

Ditto. 

Ditto. 

King of Bavaria. 

The Academy. 



LIST OF DONATIONS. 

DONATIONS, 
Gelehrte Anzeigen. Vols. xlvi. and xlvii. 4to. 
Uber die geschichtlichen Vorstufen du neuern Rechtsphilosophie. 

Dr Carl Prantl. 4to. 
Uber Neuaufgefundene Dichtungen. 

M. Thomas. 4to. 
Uber Johannes Muller und sein Verhaltnis zum jetzigen. 

Physiologie. Von Dr Th. L. W. Bischoff. 4to. 
Catalogus Codicum Manu Scriptorum Bibliothece Regie Monacensis. Tomus vii. 

8vo. 
Lighthouse Illumination: being a Description of the Holophotal system, and 

of Azimuthal-condensing and Apparent Lights, with other Improvements. 
By Thomas Stevenson, F.R.S.H.  8vo. 

Von Prof. 

Francesco Petrarca’s. Von Prof. Dr G. 

Standtpunkt der 

April 4, 1859. 

Eroffnungorede der 43 sten Versammlung, Schweizerischen Naturforscher in 
Bern durch den Presidenten, Prof. Dr B. Studer, 1858. 8vo. 

Atti del’ imp. Reg. Istituto Veneto di Scienze, Lettere ed Arti. Dal. Novembre 
1858 all’ Ottobre 1859. Tomoiv. Dispensa 4to. 8vo. 

Die Fortschritte der Physik im Jahre 1856, Dargestellt von der Physikali- 
schen Gesellschaft zu Berlin. xu. Jahrgang, 1 Abth. 8vo. 

Proceedings of the Academy of Natural Sciences of Philadelphia. 1858. Nos. 
10-20. 8vo. 

The Mosaic Account of the Creation. By James C. Fisher, M.D. 8vo. 
Review of Marcou’s “ Geology of North America.” By JamesD. Dana. 8vo, 
On Marcou’s ‘“‘ Geology of North America,” By Prof. Agassiz. 8vo. 
Notes on the Currents of the Ocean. By James D. Dana. 8vo. 
Observations on the Genus Unio. By Isaac Lea, LL.D., Vol. vi. Part 2. 4to. 
Papers from the Proceedings of the Academy of Natural Sciences of Philadelphia. 

By Isaac Lea, LL.D. 8vo. 
Account of the Remains of a Fossil Extinct Reptile recently discovered at Had- 

donfield, New Jersey. 8vo. 
Proceedings of the Royal Medical and Chirurgical Society of London. Vol. iii. 

Part 1. 8vo. 
Journal of the Asiatic Society of Bengal. No. 269. 8vo. 

April 18, 1859. 

Proceedings of the Natural History Society of Dublin for the Session 1857-58. 
Vol. i. Part 2. 8vo. 

Einleitung in das Studium der Physik und Elemente der Mechanik von B. 
Studer, Professor, Bern. 8vo. 

The Assurance Magazine and Journal of the Institute of Actuaries. No. 35. 8vo. 
Astronomical and Meteorological Observations, made at the Radcliffe Observa- 

tory, Oxford, in the year 1857. 8vo. 
Journal of the Proceedings of the Linnean Society. Vol. ii. No. 12. 8vo, 
The American Journal of Science and Arts. Conducted by Professors Silli- 

man and Dana. March 1859. 8vo. 
Englischer Liederschatz von Karl Elze. 32mo. 
Westward, Ho! Britisch and Amerikanische Gedichte iibersetzt von Karl 

Elze. 32mo. 
Shakespeare’s Hamlet. Herausgegeben von Karl Elze. 8vo. 
Atlantis : Zeitschrift fur Leben und Literatur in England and Amerika, Heraus- 

gegeben von Karl Elze. Vols. i. and ii. 8vo, 
Results of the Astronomical Observations made at the Royal Observatory, 

Greenwich, 1857, 4to. 

VOL. XXII. PART III. 

DONORS. 
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Acad. Roy. Bav. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 

The Author. 

The Author. 

The Institute. 

The Society. 

The Academy. 

The Author. 
Ditto. 

Prof, Dana. 
The Author. 

Ditto. 

Ditto. 

Dr I. Lea. 

The Society. 

Ditto. 

The Society. 

The Author. 

The Institute. 

The Radcliffe 

Trustees. 

The Society. 
The Editors. 

M. K. Elze. 

Ditto. 

Ditto. 

Ditto. 

The RoyalSociety, 
London. 
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ee, LIST OF DONATIONS. 

DONATIONS. 
Jahrbuch du Kaiserlich-Koniglichen Geologischen Reichsanstalt, 1858. Nos. 

land 2, 8vo. 
Catalogues of Zoology. Published by the Trustees of the British Museum. 

113 publications. 

December 5, 1859. 

The United States Naval Astronomical Expedition to the Southern Hemisphere. 
1849-52. Vol, i. 4to. 

Army Meteorological Register for 1826-30, and for 1831-42. 8vo. 
Statistical Reports of the Sickness and Mortality of the Army of the United 

States, from January 1819 to January 1839. 8vo. 
Maury’s Wind and Current Charts. Gales in the Atlantic. 4to. 
Observations on the Physical Geography and Geology of the Coast of California. - 

By W. E. Blake. 4to. 
Report of the Commissioner of Patents for 1856. 

3 vols.; Agriculture, 1 vol. 8vo. 
Report of the Superintendent of the Coast Survey, showing the Progress of the 

Survey during 1856. 4to. 
Army Meteorological Register, from 1843 to 1854. 4to. 
Statistical Reports of the Sickness and Mortality in the U.S. Army, from 

January 1839 to January 1855. 

Arts and Manufactures, 

Geological Survey of Missouri. First and Second Annual Reports. By G. C, 
Swallow. 8vo, 

Report (Eleventh) of the Board of Agriculture of the State of Ohio, for 1856. 
8vo. 

Tables, Meteorological and Physical, prepared for the Smithsonian Institution. 
By A. Guyot. 8vo. 

Proceedings of the American Association for the Advancement of Science. 
Vols. x. and xi. 8vo. 

Meteorology in its Connection with Agriculture, By Prof. Joseph Henry. 8vo. 
Transactions of the Academy of Science of St Louis. Vol. i. Part 2.  8vo. 
Proceedings of the American Philosophical Society. Vol. vi. Nos. 57 and 58. 

8vo. 
Proceedings of the American Academy of Arts and Sciences. 

32-52; Vol.iv. No. 1. 8vo. 
Catalogue of North American Mammals, chiefly contained in the Museum of 

the Smithsonian Institution. By Spencer F. Baird. 4to. 
Map of Chicago Harbour and Bar. 

Vol, ii. Nos. 

The Canadian Journal. Nos. 20 and 21. 8vo, 
Journal of the Proceedings of the Linnean Society. Supplement to Botany. 

No. 2.  8vo. 
Temperature of the Sea around the Coasts of Scotland during 1857-58. By 

James Stark, M.D. 8vo. 
Catalogue of the Admiralty Library. 8vo. 
Memoirs of the Geological Survey of India. Vol.i. Part 2. 8vo. 
Recherches Experimentales sur les Hffets du Courant Electrique appliqué au 
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Journal of Proceedings of Linnean Society. Supplement to Vol. iv.i—Botany. 

8vo. 
Monthly Return of Births, Deaths, and Marriages registered in Scotland— 

January and February 1860. 8vo. 
Answer to Sir David Brewster’s Reply to Messrs Stevenson’s Pamphlet on Sir 

David Brewster’s Memorial to the Treasury. By D, and T. Stevenson. 
Edinburgh, 1860. 8vo. 

Descriptions of New Paleozoic Fossils from the Western States. 
M‘Chesney. Chicago, 1859. 8vo. 

Proceedings of the Royal Geographical Society of London. 
1860, 8vo. 

Maury’s Sailing Directions. 2 vols. 
Maury’s Wind and Current Charts. 
Part of a Panoramic View of Kashmir Mountains. Sketched by T. G. Mont- 

gomerie, Bengal Engineers, to illustrate G. T, Survey of Cashmir. 
Fac-simile of an Ancient Manuscript on Parchment in the Record Office, which 

has been copied and printed by Photo-Zincography at the Ordnance Survey 
Office. 

Vol, iv. Part 1. 

1858. 4to. 

April 2, 1860. 

Comptes Rendus hebdomadaires des Séances de l’Académie des Sciences. Nos. 
11 and 12. 

Rectification of Logarithmic Errors in the Measurements of two Sections of the 
Meridional Arc of India. In a Letter to Professor Stokes, Sec. R.S. By 
Colonel Everest, F.R.S. 

Reply to Messrs Stevenson’s Pamphlet on Lighthouses. 
ster, K.H., D.C.L., F.B.S. 

Bulletin de la Société de Géographie. 
Paris, 1859. 8vo. 

Observations Astronomiques faites 4 l’Observatoire de Genéve, dans les Années 
1853 et 1854. Par E.Plantamour. xili® et xiv’ Série. 1859. Ato. 
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Résumé Météorologique de l’Année 1858, pour Genéve et le Grand St Bernard. 

Par E. Plantamour. Geneva, 1859. 8vo. 
Uber die Natiirliche Lage von Bern, von B. Studer. Bern, 1859. 4to. 
Mémoires de la Société de Physique et d'Histoire Naturelle de Genéve, 

xv. Part 1. Geneva, 1859. 4to. 

Abhandlungen, herausgegeben von der Senckenbergischen Naturforschenden 
Gesellschaft. B. ii. Part 1. 1859. 4to. 

Biographical Sketch of the late Dr George Wilson. By Professor Balfour. 
Die Fortschritte der Physik im Jahre, 1857. Dargestellt von der physikalischen 

Gesellschaft zu Berlin. xiii. Jahrgang, Zweite Abtheilung. 
Magnetical and Meteorological Observations made at the Honourable East 

India Company’s Observatory, Bombay, in the year 1857, under the super- 
intendence of Lieutenant E. F. T. Fergusson, I.N., F.R.A.S. Bombay, 
1858. 

Lithograph of the Fossil Trees discovered in the Quarry at Granton. 

Tome 

April 17, 1860. 

Second Annual Report of the General Board of Commissioners in Lunacy for 
Scotland. Edin. 1860. 8vo. 

Journal of the Royal Asiatic Society of Great Britain and Ireland. Vol. xvii. 
Part 2. 8vo. 

Canadian Journal. March, 1860. 8vo. 
Quarterly Journal of Chemical Society, No. 48. 
Appendix to Messrs Stevenson’s Answer to Sir David Brewster’s Reply regard- 

ing Dioptric Lights. By D. and T. Stevenson. 
Comptes Rendus hebdomadaires des Séances de ]’Académie des Sciences. Nos. 

14 and 15. 
Von der Bedeutung der Sanskritstudien fiir die griechische Philologie. Von 

Dr W. Christ. 4to. 
Rede in der 6ffentlichen Sitzung der k. Akademie der Wissenschaften. Am 28. 

Marz 1860. Gehalten Von Justus F, Von Liebig. 4to. 
Proceedings of the Royal Medical and Chirurgical Society of London. Vol. ii. 

No. 3. 1860. 8vo. 
Proceedings of the Zoological Society of London. 
Monthly Return of Births, Deaths, and Marriages. 

Part 38. 1859, 
March 1860. 

8vo. 

April 30, 1860. 

Herring Fisheries of Scotland. 1860. 
Comptes Rendus hebdomadaires des Séances de l’Académie des Sciences. 

No, 16. 
Report and Diagram showing the Rise and Fall of the Irawadi River for the 

Three Years 1856-58. 
Total Solar Eclipse, 1860, July 18. Revised Path of the Shadow. 8vo. 
The Atlantis. No. 5. January, 1860, 8vo. 

December 3, 1860. 

Proceedings of the Royal Society of London. Vol. x. No. 38.  8vo. 
Proceedings of Berwickshire Naturalists’ Club. 1859. 8vo. 
Résumé Météorologique de l’Année 1858, pour Genéve et le Grand St Bernard. 

Par E. Plantamour.- Geneva, 1859. 
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Silliman’s American Journal. March 1860. 8vo. 
Additional Notes on the Post-Pliocene Deposits of the St Lawrence Valley. 

By J. W. Dawson, LL.D. 8vo. 
On the Vegetable Structures in Coal. By J.W.Dawson, LL.D. 1860. 8vo. 
On the Silurian and Devonian Rocks of Nova Scotia. By J. W. Dawson, LL.D. 

8vo. 
On Fossil Plants from the Devonian Rocks of Canada. By J. W. Dawson, LL.D. 

8vo. 
Monthly Notices of Royal Astronomical Society. Vol. xx. Nos. 6 and 7. 8vo. 
Report of the Proceedings of Geological and Polytechnic Society of West Riding 

of Yorkshire. 1859. &vo. 
Transactions of Royal Society of Literature. 
The Chronicle of Man and the Sudreys. 

tiania, 1860. 8vo. 
Bidrag til kundskab om de Sindssyge i Norge. af L. Dahl. 

2d Series. Vol. vi. Part 3. 8vo. 
Edited by P. A. Miinch. Chris- 

Christiania. 8vo. 

Nyt Magazin for Naturvidenskaberne. 
8vo. 

Tabellen und amtliche Nachrichten iiber den Preussischen Staat Berlin, 1858. 
Astronomische Beobachtungen auf der K. Universitats-Sternwarte zu Kénigsberg. 

Parts 31 and 32. 1859. 
Quarterly Journal of the Chemical Society. April. 8vo. 
Comptes Rendus hebdomadaires des Séances de ]’Académie des Sciences. 

Tome |. Nos. 22-26; Tome li. Nos. 1-21. 4to. 

Journal of Statistical Society of London. Vol. xxii. Part 2. 8vo. 
La Vérité sur le Cholera-morbus. Par le Docteur Fremaux. Paris, 1860. 8vo. 
Quarterly Journal of Geological Society of London. Vol. xvi. Part 2. 8vo. 
Address delivered at the Anniversary Meeting of the Geological Society. By 

J. Phillips, Esq. London, 1860. 8vo. 
Transactions of the Philosophical Institute of Victoria. 

1859. 8vo. 
Fragmenta Phytographie Australie. By Dr Mueller. Parts 8-10. 
Journal of Proceedings of the Linnean Society, Vol. v..No. 17. 8vo. 
On the Lower Silurian Rocks in the South-east of Ireland, and on a Human 

Skeleton in an elevated Sea-margin. By Fort-Major T. Austen, F.G.S. 
8vo. 

Annual Report of the Royal Cornwall Polytechnic Society, 
Proceedings of the Horticultural Society of London. 
Report of the British Association. 1859. 8vo. 
Jagttagelser over den Postpliocene eller glaciale formation i en del af det Sydlige 

Norge. Af Prof. Dr Sars og Lector Th. Kjerulf. 4to. 1860. 
Reflexions sur les objections soulevées par Arago contre la Priorité de Galilée 

pour la Double Découverte des Taches Solaires noires, et de la Rotation 
uniforme du Globe du Soleil. Par Jean Plana. Turin, 1860. 4to. 

Mémoire sur la Théorie des Nombres. Par Jean Plana. Turin, 1860. 4to. 
Bulletin de l’Académie Impériale des Sciences de St Petersbourg. Tome i, 

Parts 1-6. 4to. 
Mémoires de l’Académie Impériale des Sciences de St Petersbourg viie Série, 

Tome i. Nos. 1-15. 4to. 

Vol. xi. Part 2.. Christiania, 1860. 

Vol. iv. Part 1. 

8vo. 

1859. 8vo. 

Jahrbuch der Kaiserlich-Kéniglichen Geologischen Reichsanstalt. Wien, 1859, 
8vo. 

Quarterly Return of Births, Deaths, and Marriages registered in Scotland. 
No. 21. 8vo, 

Mémoires de l’Institut Impérial de France. Tomes xxv., xxvil. Part 2; xxxi. 
Parts 1 and 2. 4to. 

Annuaire de l'Institut Impérial de France. 
Journal of the Asiatic Society of Bengal. 

1860. 
New Series. No. 101. 8vo. 

Vol. i. Parts 10-13. 8vo. 
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Monatsbericht der K. Preuss. Akad. der Wissenschaften zu Berlin. January to 

December 1859, 8vo. 
Memoirs of Geological Survey of India. Vol. i. Part 3. 8vo. 
Abhandlungen der K. Akad. der Wissenschaften zu Berlin. 

Supplement-Band) and 1859. 4to. 
Proceedings of Royal Geographical Society of London. Vol. iv. No.2. 8vo. 
Madras Journal of Literature and Science. New Series, Vol.v. No. 9. 8vo. 
Journal of Asiatic Society of Bengal, No. 1. 1860. 8vo. 
Beletin de la Sociedad de Naturalistas Neo-Granadindos, 1868. 8vo. 
Silliman’s American Journal of Science and Art. May 1860. 8vo. 
Journal of Agriculture and Transactions of the Highland and Agricultural 

Society of Scotland. July 1860. 8vo. 
Bulletin de la Société Vaudoise. Tome vi. Nos. 45 and 46. 8vo. 
Oversigt over det Kongelige danske Videnskabernes Selskabs Forhandlinger, 

1858. 8vo. 
Det Kongelige danske Videnskabernes Selskabs Skrifter, 1859. 
Denkschriften der Kaiserlichen Akademie der Wissenschaften. 
Description of a Deformed Fragmentary Human Skull, &c. 

M.D. 8vo. 
A Sketch of the Botany of the Great Salt Lake of Utah. By E. Durand. 4to. 
Acta Academie C. L. C. G. Nature Curiosorum, Vol. xxvii. 4to. 
Descriptions of New Uniones; and other Papers. By Isaac Lea, LL.D. 
Observations on the Genus Unio. By Isaac Lea, LL.D. Vol. vii. 4to. 
Journal of the Academy of Natural Sciences of Philadelphia. New Series, 

Vol. iv. Parts 1 and 3. 4to. 
Mémoires Couronnés, et autres Mémoires, publiés par l’Académie Royale de 

Belgique. Tome x. 8vo. 
Bulletin de Académie Royale de Belgique. Tomes vii. and viii, 8vo, 1859. 

1854 (Zweiter 

Ato. 

Band xvii. 4to. 
By J. A. Meigs, 

Memoirs of the Literary and Philosophical Society of Manchester. Second 
Series, Vol. xv. Part 2. 8vo. 

Proceedings of the Literary and Philosophical Society of Manchester. 1858-59, 
Nos. 1-16; 1859-60, Nos. 1-14. 8vo. 

On the Phosphates and Arseniates, Microeosmic Salt, Acids, Bases, and Water, 
and a new and easy Method of Analysing Sugar. By John Dalton, D.C.L., 
&c. Manchester, 1840-42. 8vo. 

Transactions of the Philosophical Institute of Victoria. Melbourne, 1859. 8vo. 
Annual Report of Leeds Philosophical and Literary Society, 1859-60. 8vo. 
Jahrbuch der Kaiserlich-Koniglichen Geologischen Reichsanstalt, 1859. X. 

Jahrgang, No. 4. 8vo, 
Sur la Différence de Longitude des Observatoires de Bruxelles et de Berlin, 

déterminée par des signaux galvaniques. 4to. 
De la Statistique considérée sous le rapport du Physique, du Moral, et de l’Intel- 

ligence de (Homme. Par M. A. Quetelet. IeT Memoir. Brussels, 1860, 
Table de Mortalité d’aprés le recensement de 1856. Par M. Ad. Quetelet. 
Proceedings of the Royal Society of London. Vol. x. No. 39. 8vo. 
Journal of the Royal Geographical Society. Vol. xxix. 8vo. 
Quarterly Journal of the Geological Society. No. 63. 8vo. 
The Canadian Journal. July 1860. 8vo. 
Journal of the Proceedings of the Linnean Society. Supplemental to Vol. iv. 

Zoology. 8vo. 
Philosophical Transactions of the Royal Society of London, for the year 1859. 

Vol. exlix. Parts 1 and 2. 1860. 4to. 
Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Math.- 

Naturwiss. Classe, Béinde xxxv. Nos. 10-12; xxxvi., 13-16; xxxvii., 
17-21; xxxvill., 23-28. Philos.-Histor. Classe, Bande xxx., Nos. 2 
and 3; xxxi., 1-3; xxxii., 1-2, 8vo, 

Almanach der Kaiserlichen Akademie der Wissenschaften. 1859. 8vo. 
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Proceedings of the Royal Physical Society of Edinburgh, 1854-58, 8vo. 
Proceedings of the Royal Geographical Society of London. Vol. iv. No. 3. 8vo. 
Monthly Notices of Royal Astronomical Society. Vol. xx. No. 8. 8vo. 
Memorials of the Families of De Boteville, Thynne, and Botfield. By Beriah 

Botfield. 1858. 4to. 
Du Raisin considéré comme médicament. ParJ.Ch.Harpin. Paris, 1860. 8vo, 
Journal of the Asiatic Society of Bengal. No. 95. 8vo. 
On the Tertiary Deposits associated with Trap-Rock in the East Indies. By 

the Rey. Stephen Hislop. 8vo. 
Observations des Phénoménes Périodiques. Par Ad. Quetelet. 4to. 
Rymbybel van Jacob van Maerlant. Derde Deel. Brussel, 1859. 8vo. 

Annuaire de l’Académie Royal de Belgique. 1860. 8vo. 
Annuaire de l’Observatoire Royal de Bruxelles. Par A. Quetelet, 1859. 
Patent Office Reports. 1857, 4 vols.; 1858, 4 vols.; 1859, 1 vol. 8vo. 
Ohio Agricultural Report. 1857, Second Series. 8vo., 

Deseription of New Fossils from the Coal-Measures of Missouri and Kansas. 
By B. F. Shumard and G. C, Swallow. 

The Rocks of Kansas. By G. C. Swallow and F. Hawn. 8vo. 
Transactions of the Academy of St Louis. Vol. i. Part 3. 8vo, 

Geological Report of the South-west. Branch of the Pacific Railroad, State of 
Missouri. By G. C. Swallow. St Louis, 1859. 8vo. 

Popular Physical Astronomy. By D. Vaughan. Cincinnati, 1858. 8vo. 
Grape Culture in Missouri. By G.C. Swallow. 1858, 8vo. 
Smithsonian Report. 1858. 8vo. 
Report of the Geological Survey of Missouri. By G. C. Swallow. 1855. 8vo. 
Report of Geological Survey in Kentucky. By D. D. Owen. Vols. i. and ii. 

1857. 8vo. 
The Passage to the North Pole. By Dr J.J. Hayes. 8vo. 
Proceedings of the American Philosophical Society. Vol. vi. Parts 59-61. 
Proceedings of the American Academy of Arts and Sciences. Pages &9 to 248. 
First Report of the Geological Reconnoissance of the Northern Counties of 

Arkansas. By D. D. Owen. 1858. 8vo. 
Report of Geological Survey of Iowa. By James Hall and J. D. Whitney. 

2 vols. 4to. 
Berichte iiber die Verhandlungen der K. Sach. Gesellschaft der Wissenschaften 

zu Leipzig. Philol.-Hist. Classe 1859, Parts 1 and 2; 1860, Parts 1 and 
2. Math.-Phys. Classe 1859, Parts 1-4. 8vo. 

Mémoires de |’ Académie Impériale des Sciences de St Petersbourg. VIIe Série. 
Tome ii. Nos. 1-3. 4to. 

Bulletin de Académie Impériale des Sciences de St Petersbourg. Tome i. 
Parts 1-36. 4to. 

Journal of the Asiatic Society of Bengal. New Series. No. 103. 8vo. 
Librorum in Bibliotheca Specule Pulcovensis anno 1858 exeunte contentorum 

Catalogus Systematicus. Hdendum Curavit et Preefatus est Otto Struve. 
1860. 8vo. 

Recueil de Mémoires des Astronomes de l’Observatoire Central de Russie. 
Vol. ii. St Petersbourg, 1859. 4to. 

Reduction of Greenwich Lunar Observations, 1831-1851. 4to. 
Mémoire della Reale Accademia della Scienze di Torino. Serie Seconda. 

Tomo xviii. 4to. 
Denkschriften der Kaiserlichen Akadémie der Wissenschaften. Phil.-Hist. 

Classe, Band x. 1860. 4to. Math.-Naturwis. Classe, Band xviii. 
Sitzungsberichte der K. Akademie der Wissenschaften. Phil.-Hist. Classe, 

Band xxxii. Parts 3 and 4; Band xxxiii. Parts 1 and 2; Band xxxiv. 
Part 1. Math.-Nat. Classe, Band xxxix. Parts 1-5; Band xl. Parts 
7-12. 8vo, 
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Almanach der K. Akademie der Wissenschaften. Band x. 1860, 8vo. 
Reports of the Geology, Botany, and Zoology of Northern California and Oregon, 

made to the War Department. By John S. Newberry, M.D. Washington, 
1857. 4to. 

Memoirs of the American Academy of Arts and Sciences. New Series. Vol. vi. 
Part 2. 1859. 4to. 

Transactions of the American Philosophical Society. Vol. xii, Part 2. 
Philadelphia, 1859. 

Report of the Superintendent of the Coast Survey for 1857. 4to. 
Journal of the Royal Asiatic Society. Vol. xviii. Part 1: 8vo, 
Proceedings of the Royal Medical and Chirurgical Society of London, Vol. ii. 

No. 4.  8vo. 
Journal of the Statistical Society of London. Vol. xxiii. Part 3. 8vo. 
Proceedings of the Literary and Philosophical Society of Liverpool. 1860. 8vo. 
The Quarterly Journal of the Chemical Society. No. 50. 8vo. 
Proceedings of the Horticultural Society of London, No. 15. 8vo. 
Quarterly Return of Births, Deaths, and Marriages. No. 22. 
Scheikundige Verhandelingen en onderzoeckingen. Uitgegeven door G. J. Mulder. 

Vol. i. Part 1. 8vo. 
Journal of Agriculture, and Transactions of the Highland and Agricultural 

Society of Scotland. October 1860. 8vo. 
Proceedings of the Royal Society of London, Vol. x, No. 40. 1860. 8vo. 
Of the Nature and Treatment of Diseases of the Heart. By James Wardrop, 

M.D. 8vo. 1859. 
Madras Journal of Literature and Science. Vol. v. No. 10. 8vo. 
The Assurance Magazine. No. 41. 1860. 8vo. 
Reply to Professor Tyndall’s Remarks in his Work ‘On the Glaciers of the 

Alps,” relating to Rendu’s ‘‘ Théorie des Glaciers.” By James D. Forbes, 
D.C.L., &e. Edinburgh, 1860. 8vo. 

Notices of Proceedings at the Meetings of the Members of the Royal Institution 
of Great Britain. Part 10. 1860. 8vo, 

Autobiography of a Seaman. By the Earl of Dundonald. Vol. 1. 
Quarterly Journal of the Chemical Society. No. 51. 1860. 
Canadian Journal. September 1860. 8vo. 
Observations Météorologiques faites 4 Nijné-Taguilsk. Paris, 1860. 8vo. 
Monthly Notices of Astronomical Society, Vol. xx. No. 9.  8vo. 

1860. 8vo. 

8vo. 

Proceedings of Horticultural Society of London. Nos. 17 and 18. 1860. 
8vo. 

Papers read at the Royal Institute of British Architects. Session 1859-60. 
Ato. 

Geological Survey of Canada—Report of Progress for 1858. Montreal, 1859. 
8vo. 

Proceedings of the Zoological Society of London. 1860. Parts 1 and 2. 8vo. 
Original Sanskrit Texts on the Origin and History of the People of India, By 

J. Muir, Esq., D.C.L. Part 2. 1860. 8vo. 
Supplemental Chapter to ‘‘ Acadian Geology.” By J. W. Dawson, LL.D., F.G.S. 

1860. 8vo, 
On Distance-Measuring in Russia. By Professor C. P. Smyth. 1860. 
Journal of Proceedings of Linnean Society. Vol. v. No. 18. 8vo. 
Quarterly Return of Births, Deaths, and Marriages in Scotland. Quarter ending 

30th September 1860. 8vo. 
Quarterly Journal of the Geological Society. Vol. xvi. Part 4. 8vo. 
Nouveaux Mémoires de la Société Jmpériale des Naturalistes de Moscou, 

Tomes xi., xii., xiii. 4to. 
Bulletin de la Société Impériale des Naturalistes de Moscou. 

3, and 4; 1860, Part 1. 8vo. 
Philosophical Experiments and Observations of the late eminent Dr Robert 

Hooke. London, 1726. 8vo. 

8vo. 

1859, Parts 2, 
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The Posthumous Works of Robert Hooke, M.D., F.R.S., containing his Cutlerian 

Lectures and other Discourses. London, 1705. 8vo. 
The Large Blasts at Holyhead. - By G. Robertson, C.E. 8vo. 
A Monograph of the Carboniferous Brachiopoda of Scotland. By Thomas 

Davidson, Esq., F.R.S.  8vo. 

December 17, 1860. 

Transactions of the Historic Society of Lancashire and Cheshire. Vol. xii. 
1860. 8vo. 

Transactions of the Medico-Chirurgical Society. Vol. xliil. 
Atti del R. Istituto Lombardo di Scienze, Lettere ed Arti. 
Quarterly Journal of Geological Society. Vol. xvi. Part 4. 
Transactions of the Academy of St Louis. 1859. 8vo, 
Journal of the Proceedings of the Linnean Society. Vol. v. No. 18. 8vo. 
Comptes Rendus hebdomadaires des Séances de |’ Académie des Sciences. Tom. li, 

Nos. 22,238. 4to. 
Memoranda on Vegetation. 

8vo. 

Fase. 17-20. Ato. 

By John Hunter, F.R.S. London, 1860. 4to. 

1860. 4to. 
4to. 

1859. 

Catalogue of Plants and Invertebrata. 

Catalogue of Fossil Plants. 1855. 
Catalogue of Vertebrata in spirit. 4to, 
Observations on Geology. By John Hunter, F.R.S. 1859. 4to. 
Catalogue of Fossil Reptilia and Pisces. 1854. 4to. 
Catalogue of the Histological Series. Vol. ii. 1855. 4to. 
Journal of Geological Society of Dublin. Vol. viii. Part 3.  8vo. 
Journal of Statistical Society of London. Vol. xxiii. Part 4. 8vo. 
Monthly Notices of Astronomical Society. Vol. xxi. No. 1,  8vo. 
A Treatise on Physiology and Anatomy in the Chinese Language. By Benjamin 

Hobson, M.B. 
Treatise on Midwifery and Diseases of Infants, in Chinese. By B. Hobson, M.B. 
Treatise on the Science and Art of Western Surgery in the Chinese Language. 

By B. Hobson, M.B. 
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INTRODUCTION. 

In April 1857, the Committee of the Royal Society of Edinburgh for the reduc- 

tion of the Makerstoun Magnetical and Meteorological Observations consulted 

the late Mr Wxtsx with regard to the propriety of their continuing the publica-_ 

tion of these beyond the year 1846, the period to which it had been already 
extended in the Transactions of the Royal Society of Edinburgh (vols. xvii.—xix.) 

Mr WELSH expressed himself favourably with respect to the value of the 
observations, indicated the nature of the results which might best be obtained 

from them, and stated what was in his view the best method of publication. 
The Committee thereupon employed Mr B. Stewart to perform, under their 

superintendence, the reduction of the observations, as far as the end of the year 

1855, after which the series was considered to be incomplete. 

In performing this task, Mr StEwart has been very much aided by the 

various members of the Committee; and he would desire also to record his 

acknowledgment of the valuable advice he received from Mr Wetsu, who had a 

particular acquaintance with these observations, having been at one time himself 

associated with the previous observer, Mr Broun. 

Mr A. Hoge, the observer at Makerstoun, has also very kindly atforded 

whatever information was necessary. Mr Stewart is also indebted to Mr Cram 

and to Mr A. H. Buresss for efficient help in the reduction of the Meteorological 

Observations ; and also to Mr C. CHamBers of Kew, who has assisted in a very 

zealous and able manner in deducing the general magnetical results. 

MAG. AND MET. oss. 1847 To 1855, b 
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POSITION AND DESCRIPTION OF THE OBSERVATORY. 

The position and arrangements of the Observatory are described in the 

Makerstoun Magnetical and Meteorological Observations for 1845 and 1846,* 

(Introduction, p. ix.) 

SYSTEM OF OBSERVATION. 

During the year 1847, five observations were made daily, viz., at 20", 23°, 2", 

5", 8", Gottingen mean time. 

From January 1848 to February 1850, there were only two daily observa- 

tions, viz., at 23" and 5° Gottingen mean time; and from February 1850 till the 

end of 1855, there were four daily observations, viz., at 20", 23", 2%, and 5", Got- 

tingen mean time. 

From the beginning of the year 1851, meteorological observations made at — 

9 a.m., 9 P.M. (Greenwich time) have appeared regularly in the columns of the 

Kelso Mail newspaper. 

The only advantage here taken of these observations has been in the case of 

the calculated daily means of atmospheric temperature, and the maximum force 

of wind. 

DECLINOMETER. 

A detailed description of this instrument, and of the method of observing it, 

and also of reducing the scale readings to absolute declination, will be found in 

the Makerstoun Magnetical and Meteorological Observations for 1845 and 1846.* 

In August 1857, the adjustment of the declinometer was examined by Mr 

WetsH. The following are the results :— 

Arc-value of one division of the scale : ‘ = 06722. 

Zero point of the scale ‘ : = 257-25 divisions. 

Azimuth of the vertical wire of the ling telescope (A+ Z) = 25° 28' 7". 

These quantities being almost identical with the values given in the Intro- 

duction to the Observations for 1845-46, no change has been made in the co- 

efficients. 

At the same time, Mr WeEtsH determined that the arc-value of the scale 

divisions remained unaltered whether the scale was observed from the position of 

the transit theodolite, or from that of the fixed reading telescope, showing that 

the divided glass scale was truly in the focus of the lens with which it forms 

the collimator. 

It is found that the plane of detorsion of the suspending thread is apt to 

* Transactions of the Royal Society of Edinburgh, vol. xix. Part I. 
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yary, so that the removal of torsion at any time does not guarantee that the 

needle shall always henceforth remain without it. The method adopted to pre- 

vent any considerable error arising from this source, is to eliminate the torsion at 

intervals, the declination needle being frequently compared with another, both 

before and after the elimination, in order to find the effect produced upon the 

reading of the former by eliminating the torsion. These comparisons will be found 

below among other notes regarding the declinometer. 

No correction deduced from them has, however, been made upon the daily 

observations of the declinometer, since the amount of error on account of torsion 

is always exceedingly small. 

NOTES REGARDING THE DECLINOMETER. 

1847, May 12¢ 5". Torsion circle turned from B 2213° to 236°. A comparison 

made between the declinometer and another magnet, before and after the elimina- 

tion, gave the effect of torsion before change = + 1/32. 

May 22° 6". Torsion circle turned from B 236° to 233}°. A similar com- 
parison gave the effect of torsion before change = — 042. 

Sept. 34.0". Torsion examined, circle turned from B 2334° to 242°. A com- 

parison between the declinometer and another magnet, before and after the elimi- 
nation, gave the effect of torsion = + 166. 

1848, Jan. 64 22". Torsion removed, circle turned from B 242° to 239°. A 

comparison as before seemed to show that the effect of torsion before the change 

was = + 0°06. Assuming the true effect to have been = — 025 (see Observa- 

tions for 1845-6, page 298, note), there is left an irregularity = 031. 

| From January 6th to January 18th, 1848, the needle in the vertical force 

magnetometer was sometimes in its place, and sometimes away ; and on January 

18th it was finally arranged in a plane parallel to the magnetic meridian, having 

previously been in a plane perpendicular to that meridian. Owing to this change 

of plane, the effect of the balance needle on the declination needle after January 
18th, 1848, was different from what it had been previous to that date. 

With regard to this effect, the correction, applicable to the declinometer scale 

readings on account of the balance magnet, while it was in a plane perpendicular to 

the magnetic meridian had been determined carefully (Sept. 4, 1843, and Jan. 25, 
1844) to be = — 0°80 scale divisions (see Introduction, 1843, p. xvi.) . . . . 
After Jan. 18¢ 5", this correction was + 0°60 scale divisions, as determined Jan. 

24, 1848, so that the old tables being used into which the correction — 0:80 

entered, a correction of + 1:40 scale divisions has been applied to the readings of 
the declinometer for every observation after Jan. 1845". The observations between 
Jan. 64 22" and Jan. 184 5” have likewise been suitably corrected. 

On Sept. 4° 23", steps, containing iron, were placed near the declinometer, 
from which they were removed Oct. 442. Jt was found that the eféct of the 
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iron bands of the steps upon the instrument was = — 2°9 scale divisions. All the 

observations of declination between these dates have in consequence been cor- 

rected by + 2°9 scale divisions. 

1849, July 10¢5*. Torsion removed, circle reading changed from 341° to 

3433°. Comparisons made before and after seemed to show that no torsion had 

been taken out. 

Sept. 254 2". Torsion removed, circle turned from 3434° to 327%’. 

Sept. 28°. Thread wound up about half an inch, and allowed to hang with a 

brass bar until Oct. 04 22" (another magnet being used in the interval), when the 

circle reading (left) was 2813°. The height of the magnet above the marble slab 

was measured, and the mean of the upper and lower edges (mean of north and 

south ends) was found to be 2°175 inches. Comparisons made between the declino- 

meter and another magnet before and after change, gave the effect of change 

inl; ; 

Oct. 284 23". Torsion tried, circle not altered, torsion less than 2°. 

1850, July 254 5". Observed height of declination magnet above marble slab. 

Mean of upper and lower edges (mean of north and south ends) = 27155 inch. In 

Oct. 04, 1849, it was 2°175 inch, so that the thread has only stretched 0-02 inch. 

Torsion circle, left reading B 307°; previously 288°. 

1854, Oct. 10%. Torsion removed, circle turned from 307° to 262°. 

BIFILAR OR HorIzoNTAL ForcE MAGNETOMETER, 

A detailed description of this instrument, of the method of observing it, and 

of reducing the observations, will be found in the Introduction 1845-46, p. xxv. 

It is not the object of the instrument to furnish absolute values of the hori- 

zontal component of the earth’s magnetic force, but merely to measure the varia- 

tions of this element. To accomplish this, a magnet is forced into a position at 

right angles to the magnetic meridian, and is there kept in equilibrium, by two 

forces, viz., the horizontal component of the earth’s magnetic intensity acting on 

the free magnetism of the bar, and the centre of gravity of the bar itself en- 

deavouring to attain the lowest position (see Introduction 1845-46, Art. 29). 

Let us suppose that the magnet has been forced into this position. Were 

the horizontal component of the earth’s magnetism, and the free magnetism of the 

bar both invariable, the position of the magnet would remain unaltered. 

But both of these being variable quantities, there are consequently two inde- 

pendent circumstances which may cause a change in the position of the magnet. 

1°, An increase of temperature, which would diminish the magnetic power 

of the bar, or a diminution of temperature, which would increase it. 

2°, Or a change may take place in the horizontal component of the earth’s 

magnetic intensity. 

As it is this latter change which we wish to measure, the effect of tempera- 
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ture on the bar must be eliminated by means of temperature corrections applied 

to the observations. 

Our object will therefore be to ascertain—1°, The value of one scale division ; 

and, 2°, The total temperature correction for 1° F.; both of these in parts of force, 

that is to say, assuming the whole horizontal component of the earth’s magnetic 

force as equal to unity. 

The following were the values of these coefficients at the beginning of 1847 :— 

Value of one scale division in parts of force & = k = 0:0001385. (Intr. 1845-46, p, xxxi.); 

Total Temperature correction for 1° F. in parts of foree= g = 0:000266, (Intr, 1845-46, p. xlvi.) ; 

and consequently the temperature correction in scale divisions 

This state of things remained until a change was made in the plane of the 

vertical force magnetometer, in January 1848. 

When the magnet of this instrument was in a plane perpendicular to the 

magnetic meridian before the change, its effect upon the bifilar was ascertained on 

July 30, 1841, to be = — 3:15 scale divisions = — 0:000517 in parts of force, 

and from observations, September 4, 1843, it was found = —4:03 scale divisions= 

— 0°000524 in parts of force; the mean of the twois — 0:000520. No correction 

on this account had been applied to the bifilar readings (Introd. 1843, p. xxxiv.). 

The effect of the balance needle in its new position in the magnetic meridian 

was found on January 24, 1848, to be = — 1°58 scale divisions = — 0:000213 in 

parts of force. Consequently, in order to make the observations after January 

18, 1848, comparable with those before that date, a correction of — 0:000307 parts 

of force = — 2°3 scale divisions, must be applied; and accordingly this has been 

done to all the observations after January 18, 1848, and before July 8, 1851. 

After July 8, 1851, the value of a scale division of the bifilar became less in the 

proportion of 23 to 25 nearly; consequently, the correction on account of the 

balance magnet, which was = — 2°3 scale divisions before that date, became = —2°5 

scale divisions after it. This amount has accordingly been deducted from all the 

observations of the bifilar after July 8, 1851. 
On July 8, 1851, at 23" 54™ Gottingen mean time, a change was made upon 

the bifilar magnetometer, the torsion circle being turned. 

The readings of the torsion circle before being turned were, A 109° 31’, B 

289° 33’. After being turned they were, A 107° 59’, B 288° 0’. The mean 
amount of turning was therefore 1° 32’:5. 

Before the change 
v= (69° 375 . (Introduction, 1845-46, p. xxxii.) 

hence, after the change 

vy = 70° 36’. 

MAG, AND MET. oBs. 1847 To 1855. ¢ 
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Now 
hol Hea 108 Belenet ame (Introduetion, 1845-46, p, xxxi.), 

= 1:08 x 0:00032675 x cot 70° 36’ = 0:0001243, 

which therefore represents the value of one scale division in parts of force after 
the change. 

Hence, also, 

which therefore represents. the temperature correction for 1° Fahr. in scale divi- 

sions after the change. 

In order to make the reading 500 represent the same value of force after 

the change as before it, a process similar to that given pagina 1845-46, 

p. Xxxii.) must be adopted. 

Thus we have reading before change corrected for temperature + 340 = 595-4. 

Reading after change corrected for temperature + 340 = 516°9. 

Hence 
f (595°4 — 500) 0:000135 = (516-9 — z) 0:0001243, 

whence | 
2= 4132; 

the difference between which and 500 is 86°8. Adding 86°8 to 340:0, we obtain 

426°8. 

If, therefore, we use 426°8 after the change to replace 340 before it, the same 

zero, 500, will be applicable both before and after, and consequently the tempera- 

ture tables after the change will be formed thus :— 

Let N denote the observed reading, 

t the temperature Fahr., _ 

n the reading corrected by means of the temperature tables ; 

then 
n =N + 4268 + (¢ — 26°) 2:14. (See Introduction, 1845-46, p. XXXlil,) 

Also the means f in parts of the whole horizontal force, given in the abstracts of 

results, are obtained after the change by the formula 

f = (n — 500) 0-0001248, 

the corresponding formula before the change being 

= (n— 500) 0:000135. E . (Introduction, 1845-46, p. xxxiii.) 

BALANCE OR VERTICAL FoRcE MAGNETOMETER. 

A detailed description of this instrument, and of the method of observing it, 

and reducing the observations, will be found in the Introduction, 1845-46, p. xxxiii. 

The object of the instrument is to measure the variations of the vertical com- 

ponent of the earth’s magnetic force. It consists of a magnetic needle balanced 
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horizontally, having a knife-edged axle which rests upon agate planes, the ten- 

dency of the earth’s magnetism to depress the one end being counterbalanced by 
an excess of weight tending to depress the other. 

The variations of the vertical component of the earth’s magnetic force will 

therefore cause changes in theposition of the magnet, and may be measured by 

these changes, as observed by a micrometer, the correction for temperature being 

applied. 
The following were the values of the instrumental coefficients at the be- 

ginning of 1847 :— 

Value of one scale division in parts of force = k = 0:0000100 (Introduction, 1845-46, p. xlii.) ; 

Temperature correction for 1° F. in parts of force = g = 0:000079 (Introduction,1845—46, p. xlviii.) ; 

and consequently the temperature correction in scale divisions 

CE eae eae 2 SOS 7°90. 

On January 18, 1848, the balance magnet was changed from a plane perpen- 

dicular to the magnetic meridian into the plane of the meridian. 

After this change the following observations were made on Jan. 25, 1848, 

to determine the value of #, the scale coefficient, by the method of deflections. 

The deflections were made with Professor Forsss’ bar placed N. and S. of the 

balance magnet, and the following are the results :— 

Deflection of Deflection of Value of & from the 
Distance of Bar | Balance Magnet | Balance Magnet | formula k = aS Mi 

in Feet. in adjustment in | suspended hori- n tan dip. 
mic, divisions. zontally. (See Introduction, 

1845-6, p. xli.) 

(n) (u 

1:9 409:1 88er217 0:00002123 

2:0 41:5 fo, 30" ‘00002118 
9-2 245°6 Key OY -00002122 
2°4 182°6 89’ 28” -00002124 

2°6 140°5 30’ 18” ‘00002120 
3:0 88-7 194,567 -00002115 

Mean value of k=0'00002120 

129, 1, 0000790 . 5. 
hence q =i “p000018 72. 

1848, Aug. 284 5°.—The vertical-force box was removed for 20 minutes. 
» Nov. 3° 23".—The cover was placed on the balance magnet—off since 

the instrument was placed in the meridian. 

1850, July 29.—Time of vibration for small are = 7-36. 
In August 1857 observations were made by Mr WELSH to determine the value 

of k, the scale coefficient of the balance magnet, by the method of deflections. 
The deflections were made with a 3°65-inch magnet, in a manner precisely 
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similar to that described in the Introduction, 1845-46, pp. xl.andxli. The follow- 

ing are the results :— 

Value of & from the 
Deflection of Deflection of t 

Distance of Bar | Balance Magnet | Balance Magnet | formula k = FER, 
in Feet. in adjustment in | suspended hori- n tan dip. 

mic. divisions. zontally. (See Introduction, 
1845-46, p. xli.) 

(n) (u) 
2°5 PATE 47 37 0:0000226 

30 116-7 2616" 0-0000228 

As the value of &, thus obtained, does not differ much from that obtained by 

Mr Broun in 1848, the original value has been adopted in the reductions. 

The tabular corrected readings of the balance needle, before its change of 

plane, are found thus :— 

Let n denote the observed reading (generally negative), 

t the temperature Fahr., 

R the reading corrected by means of the temperature tables ; 

then 
R=1244+7-90 (t-26) +m. .  . (Introduction, 1845-46, p. xliii.) 

The quantity R being multiplied by the factor 0-00001, gives the variation in parts 

of force. 

After the change of plane of the balance magnet, the above formula became 

R=96'7 + 3°72 (t— 26°) +n, 

at least as far as may be inferred from the temperature tables then prepared and 

employed. 

It would seem, however, that some change in the zero of the instrument took 

place at the time of its change of plane, which was not embodied in the tempera- 

ture tables. This change appears, however, to have been recognised in the General 

Results, p. xlv., in a table which contains the monthly means of the vertical com- 

ponent of the magnetic force from 1842 to 1849, and consequently this table furnishes 

the means of estimating the change. It would seem that R, or the quantities 

found in the daily observations under the heading “ Balance corrected,” require, 

after the date of change, to be diminished by the quantity 118:0, before being 

multiplied by their appropriate factor 0-0000212, in order to give forces com- 

parable with those obtained before the change. Hence, before the change— 

f=R x 00000100) “S ~ *  . (Resuilts’ 1844p. S75.) 
After the change, 

f=(R —118-0) x 0-0000212. 

It was thought that by this means the observations, after the change of plane, 

might be made comparable with those before ; nevertheless, Mr WELSH advised that 

they should be treated as two distinct series. 
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The following are the monthly means of the observations of the balance 

magnetometer for the years 1850, 1851, 1852 :— 

Month. 1852. 

VANUATY alent es 99°8 
Pebruary..) 3.0.05. 108-4 
arekiy “irene : 98-7 
Lprilf Sree. : 91:5 
May . Qe : : 81:1 
dune . Vo. . ; : 89-9 
Thy <2 Uae 96°8 
August, Vee. 91:2 
September . . . : 90:9 
Octoher ie : 88°3 
November .. . 80-6 
December... 70:4 

It appears from the above table that a marked break in the continuity occurs 
between June and July 1851. It seems likely that some unrecorded alteration 

was made on the instrument about that date. (The bifilar was altered July 

8, 1851.) 

It seems advisable, therefore, to divide the whole body of vertical force obser- 

vations now published into three distinct series. The first of these will extend 

from January 1, 1847, to January 18, 1848, the date of the change of plane; the 

second from January 18, 1848, to June 30, 1851; and the third from June 30, 

1851, to December 31, 1855. 

BAROMETER. 

A detailed description of this instrument is given in the Introduction 1845-6, 
p. li. 

All the observations are corrected by — 0:012 inch to the mean of the Royal 

Society’s flint and crown-glass barometers ; they are also corrected for temperature 
to 32° Fahr. by Schumacher’s Tables, given in the Report of the Committee of 

Physics of the Royal Society of London. The cistern of the barometer is 213 
feet above the mean level of the sea at Berwick-upon-Tweed. 

THERMOMETERS. 

A description of these instruments will be found in the Introduction, 1845-46, 

p. lili. In page lv. of the same Introduction we have a table of corrections for 

the readings of the dry and wet bulb thermometers to the temperature by 

MAG. AND MET. OBS. 1847 To 1855. d 
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Newman’s standard. On June 20, 1853, Newman’s standard was returned from 

the Kew Observatory with the following Table of corrections :— 

Corrections to be Corrections to be 
Temperature. | 2PPplied to the read- Temperature. applied to the read- 

Fahr, ings of Newman’s Fahr, ings of Newman’s 
Standard. - Standard. 

° ° ; 

32 — 0-05 60 — 0°52 
36 —0:10 63 — 0-59 

40 —0°15 67 — 0:67 

45 — 0-16 70 —0°74 

50 — (027 76 — 0°87 

55 — 0°40 79 —0:92 

On August 11, 1857, the wet and dry bulb thermometers were compared 

with Newman’s standard in the running stream of the Tweed, and the tempera- 

tures were as follows :— 

Newman’s Standard, 64°3 ; dry bulb, 64°°75 ; wet bulb, 64°35. 

Taking everything into consideration, the following Table of corrections has 

been ‘drawn out as applicable to the readings of the wet and dry bulb thermo- 

meters from 1847 to 1855 :— 

TABLE of Corrections applicable to the Wet and Dry Bulb Thermometers. 

Temperature. | Dry Bulb. Wet Bulb. Temperature.| Dry Bulb. Wet Bulb. 

0°F. —0°5 —0:2 55° F. —1-1 — 0:8 
—0°6 —0°3 60 —1:2 —09 
—0°7 —0°4 67 —1:1 —0°8 
—0°8 —0°5 70 —1-0 —0°6 
—0:9 —0°6 76 —1:0 —0°7 
—1:0 —0-7 79 Dey —0°7 

RAIN GAUGE. - 

The Observatory rain gauge is placed in a space enclosed by a paling on the 

top of the Observatory hill, with a good exposure on all sides. -The funnel-mouth 

is 6:1 inches in diameter, 8 inches above the soil, and 218 feet above the level of 

the sea. The quantity of rain is measured at noon by pouring it into a glass tube 

graduated with reference to the aperture of the funnel. 

VANES AND ANEMOMETER. 

A detailed description of these instruments will be found in the Introduction 

1845-46, p. lvill. 
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The direction of the wind is indicated in this volume by the number of the 

point of the compass, reckoning N = 0, H=8,S=16, W = 24, 

The anemometer is observed in the following manner: About 2™ before the 

observation hour the position of the index is observed, and the pressure shown is 

registered as the maximum pressure occurring since last observation hour; the 

index is then put back to zero, and from 7™ to 10™ afterwards the position to 

which it has again been carried is noted as the present pressure; the index is 

then set to zero, and a similar double reading made at the next observation 

hour. 

The instrument registers the force of the wind in pounds on the square foot 

of surface (see Introduction 1845-46, p. Ix.). 

STATE OF THE SKY. 

The extent of sky clouded is estimated ; the whole sky covered with clouds 

being noted as 10, and the complete absence of clouds as zero. 

NOTES REGARDING METEOROLOGICAL INSTRUMENTS. 

1847, March 28.—New silk put on wet-bulb thermometer. 

Oct. 29° 23".—New silk put on wet bulb. 
Dec. 10° 3".—Iron bars put into grate. 

» Dec. 104 5"—Anemometer repaired. 

1848, Nov. 224 23".—Cord of anemometer found broken at 22"; a new one 

put on, but the instrument not adjusted. 

1849, July 20% 23".—New silk put on wet-bulb thermometer. 

1850, Feb. 84 22".—Anemometer leaky, the water taken out, a new bottom 

put on, and a new piece of copper tube put to the under end; 9° 8", placed and 

filled with water. 

1850, Feb. 14°—New silk put on vane. 
April 184 5".—The index of maximum thermometer is adhering to the 

” 

” 

2? 

mercury. 

DESCRIPTION OF THE TABLES OF THE OBSERVATIONS. 

Daily Observations of Magnetometers, 1847 to 1855 (pp. 1-47). 

The headings contain the Gottingen mean solar time, astronomically reckoned, 

of the observations of the declination magnetometer. Gottingen time is 49™ 50° 

in advance of Makerstoun time. The first column gives the civil day ; the second 

column gives the absolute westerly declination in degrees, minutes, and decimals 

of a minute, deduced as already described. 

The third column contains the observations of the bifilar magnetometer in 
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seale divisions, corrected for temperature to 26° Fahr. The bifilar is observed 2™ 

after the declination magnetometer. 

The fourth column gives the reading of the balance magnetometer in micro- 

meter divisions, corrected for temperature to 26° Fahr. It is observed 3™ after 

the declination magnetometer. 

During the year 1847, five daily observations of magnetometers were made, 

viz., at 8 a.M., ll am., 2PM, 5 P.M, 8 P.M. Gottingen mean time; these observa- 

tions extend from page 1 to page 7. As it would have occupied too much space to 

have given the temperatures of the bifilar and the balance magnetometer sepa- 

rately for each observation hour, the means of the temperatures of both for the 

hours 8 A.M. and 5 P.M. are given in the last two columns. 

From January 1848 to February 1850, only two daily observations of magne- 

tometers were made, viz., at 11 am. 5 p.m. Gottingen mean time; these observa- 

tions extend from page 8 to page 14. 

Here the means of the temperatures of the two magnetometers are given for 

both the observation hours. 

From February 1850 to December 1855, there were four daily observations of 

magnetometers, viz., at 8 A.M., 11 A.M., 2 P.M., and 5 p.m. Gottingen mean time; 

these extend from page 14 to page 47. Here the mean temperatures of the two 

magnetometers for all the observation hours are given in the last four columns. 

Daily Meteorological Observations, 1847 to 1855 (pp. 49-101). 

The first column contains the civil day ; the second gives the calculated daily 

means of atmospheric temperature which have been obtained in the following 

manner :—During the years 1844, 1845, hourly observations of temperature were 

made, and during the years 1843 and 1846 nine observations were made daily. 

On the basis of these four years’ observations, the following Table (similar in 

principle to Table 75, p. Ixxxvi. General Results of the Makerstoun Observations) 

has been constructed, showing for each month the correction that requires to be 

applied to an observation made at any hour of the day in order to obtain the mean 

temperature of the day. 
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TABLE of Corrections to be applied to Observations of the Temperature of the 

Air at any Hour, in order to get the Mean of the Day. 

Mak. Jan. Feb. | March.| April. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dee. 

[J | | | | | | 

0 —2.4 | —3-2 | —4.9 | —5-9 | —5-0 | —5-7 | —5-2 | —6-1 | —6-4 | —4-7 | —3-1 | —2.2 

1 —3-1 | —3-9 | —5-3 | —6-5 | —5-6 | —6-4 | —5-3 | —6-5 | —7-3 | —5-0 | —3-5 | —2.5 

2 —3:0 | —4-0 | —5-4 | —6-7 | —5-6 | —6-0 | —5-2 | —6-8 | —7-5 | ~—5-0 | —3.3 | ~2.2 

3 —2-2 | —3-2 | —5-2 | —6-5 | —5-6 | —5-4 | —5-1 | —6-5 | —7:0 | —4-3 | —2.3 | —1-5 

4 —1-3 | —2-6 | —4-1 | —5-6 | —4-9 | —4-8 | —4-5 | —5-9 | —5-8 | —2-8 | -1-0 | —0.4 
5 —0-5 | —0-9 | —2.8 | —4-1 | —3-8 | —4-3 | —3-5 | —4-4 | —4-1 | —1-1 | —0-0 | —0-1 

6 +0-1 | —0-1 | —0-8 | —2-5 | —1-8 | —2.7 | —2.4 | —2-7 | -1-8 | —0-0 | +0-4 | +0.4 
i +0-3 | +0-3 | +0-3 | —0-2 | —0-6 | —1-:3 | —0-7 | —0-6 | —0-0 | +0-7 | +0-5 | +0-4 
8 +0-5 |+0-7 | +1-1 | +1-0 | +1-6 | +0-7 | +1-1 | +1-1 | +1-0 | +1-2 | +0-7 | +0-5 

9 | +0-5 |+1-0 | +1-6 | +2-3 | +2-3 | +25 | +2.2 | +2-3 | +2.3 | +1-8 | +0-8 | +0.7 
10 +0-4 | +1-2 | +2-1 | +3-4 | +3-0 | +3-7 | +3-3 | +3-5 | +3-1 | +1-9 | +1-0 | +0.8 
11 +0-3 |+1-5 | +2-4 | +4-1 | +3-8 | +4-6 | +3-7 | +4.2 | +3-6 | 41-9 | +0-9 | +0.9 

12 +1-2 | +1-7 | 42-8 | +45 | +4-3 | +5-3 | +4-5 | 4+4-5 | +46 |+2-2 | 41-0 | +0-7 
13 +1-4 | +4+1-8 | +3-1 | +5-0 | +4-4 | +5-7 | +5-1 | +5-1 | +5-1 | +2-2 | 41.0 | +0-5 
14 +1-4 | +2-1 | +3-1 | +5-3 | +5-1 | +6-0 | +5-3 | +5-5 | +5-4 | +2-5 | +1-3 | +0-5 

15 4+1-4 |+2-1 |+3-3 | +5-4 | +5-6 | +6-3 | +5-7 | +5-9 | +5-7 | +2-6 | +1-3 | +0-7 
16 +1-1 | +2-0 | +3-7 | +5-8 | +5-5 | +5-8 | +5-4 | +6-0 | +6-0 | +2-7 | +1-5 |+1-0 
17 +1-3 | +1-7 |+4-0 | +5-5 | +45 | +4-9 | +4-3 | +5-8 | +60 | +3-2 | +1-4 | 41-1 
18 +1-2 }+1-8 | +3-9 | +42 | +2-8 | +2-9 | +2-4 | +43 | +5-4 | +2-9 | +1-5 

19 +1-2}+2-0 | +3-0 | +2-3 | +1-0 | +1-1 | +0-6 | +2-3 | +3-2 | +2-8 | +1-5 

20 +1-2 | +1-7 | +1-2 | +0-2 | —0-7 | —1-0 | —1-2 | +0-0 | +0-4 | +1-2 | +1-5 

2 +0:-7 | +0-2 | —0-7 | —2-1 | —2-3 | —2-7 | —2-4 | -—2.1 : 

22 —0-1 | —1-5 | —2-5 | —4-0 | —3-4 | —3-9 | —3-5 | —3-9 

— 4-0 

From this Table it is easy to find what correction ought to be applied to the 

mean temperature of the observation hours in order to obtain the mean of the day. 
During the year 1847 there were five observation hours, viz :—20*, 235, 25, 

5*, 8°, Gottingen mean time, or approximately 7 A.m., 10 a.m.,1P.m.,4 P.m., 7 P.M., 

Makerstoun mean time. And consequently the following corrections require to 

be applied to the mean of these observations in order to find the mean temperature 
of the day :— 

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. 

—06 —11 -17 —28 -—27 -31 -27 -—29 -—28 -13 -0-7 —05 

During the years 1848 and 1849, and January 1850, there were only two 

hours, viz. 23", 5", Gottingen mean time, corresponding nearly to 10 a.m. and 4 P.M. 

Makerstoun mean time, and here the following corrections require to be applied :— 

Jan. Feb, March April May June July Aug. Sept. Oct. Nov. Dee, 

—07 —20 -33 -48 -4.1 -—-43 -40 —49 -—50 —26 -—1:0 —0-6 

From February 1850 till the end of the same year there were four observation 

hours, at 7 A.M., 10 A.m., 1 p.m., 4 P.M. Makerstoun mean time approximately, and 
the following are the corrections applicable :— 

MAG. AND MET. OBS. 1847 To 1855. e 
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Jan, Feb. March April May June July Aug. Sept. Oct. Nov. Dee. 

-08 -—15 -22 -—-34 -—32 -—-35 -32 -—35 —35 -18 -10 —07 

During the years 1851 to 1855, making use of the observations sent to the “ Kelso 

Mail,” there are in all six hours, viz., 7 a.M., 9 A.M, 104.m., 1 P.m.,4 P.M., 9 P.M., 

Makerstoun mean time, and the following corrections require to be applied to the 

mean of these observations :— 

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dee. 

210:3°) 20:9 = V21:3 © \— 2:3) — 2 = 2:4 2 = 23.) 2-3) a— 1-0 0-5 Os 

The third column contains the calculated daily means of sky clouded, being 

merely the means of the daily observations, of which (as already mentioned) there 

were five during 1847, two during 1848 and 1849 and January 1850, and four 

from February 1850 till the end of 1855. The observations communicated to the 
‘Kelso Mail” were not made use of. 

In the 4th, 5th, 6th, and 7th columns, we have the height of the barometer, 

the temperature of the air, the temperature of evaporation, and the relative 

humidity for 11 a.m. Gottingen mean time, and in the next four columns we have 

the same elements for 5 p.m. Gottingen mean time. These columns are continued 

throughout the whole series of observations. The only remark it is necessary to 

make regarding these is the following one. The relative humidity was calculated 

according to ApsJoHN’s formula, viz. :— 

2 adeh : 
y= — 97 * 30 for temperature of evaporation above 32° Fahr. 

And 

Bl OF f’ =f—55 en for’ |, do. below 32° ,, 

where /” is the elasticity of vapour required to be found, /’ the elasticity corre- 

sponding to the temperature of the wet thermometer, d the difference between the 

dry and wet thermometers, and f the height of the barometer. The labour of 

calculation was abridged by using a sliding-rule adapted to Apyonn’s formula 

invented by the late Mr WELSH. 

The 12th and 13th columns contain the readings of the maximum and mini- 

mum thermometers on RUTHERFORD’S principle. These observations are discon- 

tinued after August 1850. Occasionally it will be found that the reading of the 

minimum thermometer is higher than the calculated daily mean temperature, 

an instance of which occurs on December 18,1847. There are two circumstances 

which may lead to this result. 

1°. The calculated daily mean temperature, although on the average of a 

number of days coming very near the truth, may yet not represent accurately the 

average temperature of some one particular day. 

2°. The minimum thermometer is noted and reset about 10" a.m., the maxi- 
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mum thermometer about 5" p.m. Now, although it is probable that the coldest 

portion of a civil day will have occurred between 12 o’clock of the previous 
evening and 10 a.m., when the minimum thermometer is read, yet it may not 

be so, for the weather may grow suddenly colder after 10 a.m., and the mean of 

the day, as calculated from the temperature observations, may even prove lower 

than the reading of the minimum thermometer. 

The anemometer being an instrument which, by means of an index, registers 

the greatest force of the wind between two consecutive observation hours, we are 

thus enabled to find the maximum force of wind for the day, which is given in the 

15th column. Here, as the instrument is reset every observation hour, it was 

necessary to examine the observations contained in the “Kelso Mail” for the 

years 1851-55. 

The mean force of wind noted in the next column is the mean of the present 

pressures of the wind at the different observation hours, these hours being the 

same as those for which the direction of the wind is noted in the last column. 

GENERAL RESULTS OF THE MAGNETICAL OBSERVATIONS. 

Magnetic Declination. 

_ The following Table contains the corrections that have been applied to the | 

means of the observed readings of the declinometer, in order to get the mean of the 

day. (These corrections have been deduced from hourly observations made during 

1844 and 1845) :— 

TABLE 1.—Correction for Mean of Observation Hours. 

Month 2h, Bh, Bh 23%, 58, Oh 5h," 
GM. Sei G.M. 7. 

PenianyA Ac ety ahelan 1-08 —155 —1-62 
Hebruary, coh) a). —0:96 —1:33 —1°55 
March? 74ers — 1°35 —1:49 —201 
April Sleep eita & —1-26 —1-84 —1:92 
DEY. sae ashes —1:14 —2:01 —1-44 

ine, Se —1-07 Sie ~ 1-29 
Tilys) se ea | tees —1-10 — 1:86 ~1:42 
amish. pelo os S| —2:10 —2-03 
Septemberns) 2). —1:24 —1'83 —2:13 
Octoberware es —1:39 —1:48 —1-95 
INovemberyurs 204. 6 —1:01 —1:65 — 1:87 
Decembery a. << — 0°83 —0°81 —1:20 
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If the corrections recorded in the preceding Table be applied to the observa- 

tions, we obtain the monthly means as follows :— 

TaBLE 2.—Monthly and Yearly Means of Declination. 

1847. 1848. 1849, 1850. 1851. 1852. 1853. 1854, 

Ones ¥ | pAe. 24° 4 24° 4. QA° 4. 24° + 24° + 24°4 

January, .| 62°69 | 55-88 | 47:90 | 42-09 | 34°31 | 27-10 | 21:12 | 15-35 
February, .| 62°54 | 54-67 | 47-66 | 42-41 | 33-65 | 27-85 | 20°95 | 15-32 
March, . .| 62°60 | 54-66 | 47-35 | 41:88 | 33-41 | 27-16 | 2050 | 14-22 
April, . .| 62:07 | 58:58 | 46-30 | 40-41 | 32:18 | 27-61 | 19-92 |... 
May,. . .| 60°60 | 5316 | 46-20 | 40-45 | 32-29 | 96-51 | 18-99 
June, . .| 59:69 | 51-43 | 45:85 | 40-10 | 39-35 | 25-53 | 20-95 | 
July,. . .| 59°52 | 51-44 | 4413 | 89-15 | 31-26 | 24-93 | 19:93 | 
August, . .| 59:11 | 50:56 | 43-72 | 37-33 | 30-21 | 23-49 | 16-96 
September, .| 57:20 | 49-10 | 42°75 | 37:02 | 30°56 | 23-92 | 17-19 | 10-10 
October,. .| 56°62 | 49°33 | 43°33 | 36°47 | 29°24 | 23-58 | 16:02 8:00 
November, .| 56°79 | 48°83 | 43°65 | 34:88 | 28-21 | 22°73 | 15-77 cis 
December, .| 55°90 | 49:22 | 43:73 | 35°35 | 28°37 | 22:00 | 16:72 8°45 

Mean } 
WMeckabion. 59°61 | 51°82 | 45°21 | 38°96 | 31:34 | 25:20 | 18°69 |[11:82]| [5:25] 

If we examine the change of the declination from year to year, we shall find 

that this increases from 1841 to 1855. 
The secular change is not therefore strictly constant. 

Let us suppose that it may be represented by the following formula :— 

Yearly secular change =x + ny 

Where z denotes the most probable secular change between 1841 and 1842, and 

y its yearly increase, so that z+y denotes the change between 1842 and 1843; 

z+2y that between 1843 and 1844, and so on. 

Also let d denote the most probable value of the declination for 1841, then 

we have, by well-known methods, 
d=25° 33-78 

a= —5:'525 

y= —0133 
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In the following Table the observed declinations are compared with those 

calculated according to this formula, and the differences are exhibited :— 

TABLE 3.—Observed and Calculated Declinations compared together. 

Declination. 

Observed 
Year. Minus 

Observed. Calculated. Cale taed 

1841 95 33-68 25 33-78 —0-10 
1842 25 28-45 25 26:25 + 0:20 
1843 25 22°85 25 22:60 + 0:25 
1844 25 17:06 25 16-80 40:26 
1845 25 11°32 25 10-88 40-44 
1846 25 05-97 25 04-82 4115 
1847 24 59-61 24 58°63 +098 
1848 24 51°82 24 52:30 — 0-48 
1849 24 45:21 24 45-84 ~— 0°63 
1850 24 38:96 24 39-25 — 0-29 
1851 24 31:34 24 32-53 ~1:19 
1852 24 25-20 24 25-67 — 0-47 
1853 24 18°69 24 18°68 + 0-06 | 
1854 24 11°82 24 11°55 + 0:27 
1855 24 05-25 24 04:29 +0:96 

* Mr Chambers, to whom I am indebted for the calculation of the most probable 
values of declination given above, has remarked that the residual differences of 
the last column exhibit some indications of a period in their value. 

Having thus obtained the most probable value of the secular change for any year, 

we may find the annual variation of the declination for a given hour of the day in 

the following manner :— 

From one year’s monthly means of declination for that hour eliminate the 

secular change. 

Having thus obtained monthly means for a given hour for that year free from 

secular change, the annual variation of declination for that hour and year is easily 

found. Ifthere are several years during which observations at that hour were 

taken, we may then, in the usual manner, obtain the mean annual variation for 

these years of declination at the given hour. 

The following Table exhibits the annual variation of the declination for the dif- 

ferent hours :— 

MAG. AND MET. ops. 1847 To 1855. i 
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‘Taste 4.—Declination—Annual Variation for the Different Hours. 

peel Jan. Feb. | March.| April. | May. | June. | July. | Aug.*| Sept. Oct. | Nova") Dec: 

h é ‘ ‘ ‘ 4 ’ ‘ ‘ ¢ 

0 — 1-03 |—0-61 |— 0-53 |— 0-39 |—0-12| + 0:30 |+0-18 |4+.1-51 |4+ 2-27 | + 1-16 | — 0-87 | — 1-86 
1 — 1-98 | — 1-63 |} + 0-13 |+ 0-92 |—0-04 | — 0-07 | + 0-23 | 4 2-18 |+ 2-30 | + 1-00 | — 0-78 | — 2-25 
2 — 2-16 |—1-32 |+0-93 |+ 1-91 |4+ 0-31 |+0-95 | + 1-04 |4+ 1-83 |+ 0-75 | + 0-10 | — 1-76 | — 2-58 
3 — 2:03 }— 1-31 |4+ 0-18 }+ 1-33 |+ 0-35 | + 0-76 |4+ 0-58 |+ 2-18 |+ 1-16 | + 0-42 |— 1-26 | — 2.34 
4 — 1-32 |— 1-30 |+ 0-33 |+ 1-18 |4 0-46 | + 1-68 |+ 1-42 |+ 1-05 |+ 0-06 | + 0-25 | — 1-59 | — 2-26 
4) — 0-51 |+0-07 |+ 0-47 |4+ 1-12 |+ 0-69 | 4+ 1-53 |4+ 1-16 | —0-08 |— 1-18} —0-81 |— 1-23 | — 1-21 
6 — 0-01 |—0-24 |— 1-00 |— 0-24 |+- 0-22/+4 1-11 |+ 1-65 |+ 0-25 | — 0-42 | — 0-20 |— 0-38 | — 0-74 
7 = ||+0-40 | — 0-24 | — 1-22 |— 0-54 |+ 0-55 |+ 0-82 |4+ 1-52 —0-21 |— 0-55 | + 0-16 | —0-59 | — 0-10 
8 + 0-62 |—0-33 |+ 0-08 | — 0-95 |+ 0-41 | + 1-44 |+ 1-22 |+ 0-35 | — 1-24 | — 0-09 | —0-93 | — 0-60 
9 + 0-48 |—0-41 | — 0-45 |— 0-40 |+ 0-27 |4 1-26 |+ 1-17 |+ 1-14 | — 0-44 | — 0-48 | — 1-28 | — 0-81 

10 ||+0-17 |— 0-64 | —0-51 | —0-37 |+ 0-47 |+ 1-91 |+ 0-97 |+ 0-61 | — 9-43 | — 0-29 | — 1-24 | —0-62 
11 + 0-34 | — 0-56 | — 0-37 | — 0-22 |+ 0-39 | + 0-92 |4+ 0-82 | 4+. 0-33 |+ 0-72 | — 0-77 | — 1-19 | — 0-37 
12 |/+0-16 |+ 0-43 | — 0-70 |—0-50 | —0-21 |+ 0-64 |+ 0-58 |+ 0-88 |4+ 0-77 | — 0-84 | — 0-72 | —0-48 
13 +0-77 | —0-16 |— 0-80 |— 0-12 |— 1-12}+ 0-37 |+ 0-16 |+ 0-20 |+ 0-93 | — 0-15 | — 0-16 | + 0-07 
14 ||+0-80 |+ 0-80 }—0-38 |— 1-03 |— 0-93 |+ 0-01 | —0-38 |+ 0-13 |+ 0-44/+ 0-05 |+ 0-42 | + 0.04 
15 + 0-47 |+0-66 |+ 0-21 |— 2:07 |— 0.62 |— 0-74 |— 0-99 |+ 0-37 |+ 0-34 |+ 0-19 |+ 1-45 | + 0-69 
16 +0-71 |+0-80 |— 0-84 |—1-52|—0-71 |—1-35 |—0-37| 0-00 |—0-44|+ 1-34 |+1-20|+1-18 
17 + 1-36 |+ 0-64 |—0-50 | — 0-42 |— 1-08 | — 2-41 |— 1-06 |— 0-95 |4 0-09 | + 1-76 |+ 1-03 | + 1-56 
18 ||/+1-52/}+0-78 |+ 0-06 | — 0-88 | — 1-67 | — 2-10 |— 1-39 | — 0-65 |+ 0-40 |+ 1-81 |+ 0-97 |+ 1-17 
19 + 2-64 |4+ 1-20 |+ 0-39 | — 1-30.|— 2-78 | — 3-86 |— 2-15 |— 1-17 |4+ 1-22 | + 2-48 |+ 1-58 | 4 1-73 
20 + 2-10 |+ 1-36 |+0-17 |— 1-45 | — 2-15 | — 2-47 |— 1-69} — 1-44 |4+ 0-69 |+ 1-30 |4 1-57 | 4 2-02 
21 + 2-48 |+ 1-41 |—0-21 |— 2-65 |—2-17|—2-91|/—1-59| 0-00 |)+1-61 |+0-81 |+ 1-87 |+ 1-34 
22 + 1-32 |+0-99 | —0-.94 |— 1-72 | — 1-47 | — 1-19 |—0-78 |. 0-36 |4+ 1-74 |+0-90 |+ 0-47 | + 0-33 
23 + 0-09 | — 0-08 | —0-06 | — 0-67 |— 0-12 | — 0-61 | — 0-56 | + 0-47 |+ 1-35 | + 0-27 |+ 0-20 | —0-21 

In the above Table the variations for some hours represent the means of a greater 

number of years than those for other hours. The following Table exhibits the years 

that were made use of, in order to obtain each hour’s variation as represented 

above. Only complete years’ observations were used. 

TABLE 5. 

Hou Years Employed G.M.T. Beg yee 

0 [84s 1844 easly [S46 lassen! cosa BT Krew. oahon dt Meee rmeicie || keteiocal lore ' 

(tw bemoeen 1844. | 1845 | V84G | -waces | -nsnes | ceecce | cewnes | seeees | oeneee | canscm 

2 1843 | 1844 | 1845 | 1846 |.1847 | ----- o | ceseee | ceeeee 1851 | 1852 | 1853 
CW RRA aS 1844 | 1845 aera bromoaee PAW ponte sell obct Ace | ecmmaconl | Mtnentce tcsote a 
4 WSASM US44an! ASAS MRSA GT | esse Ne ewames | ecerect | tees ete mearccice. |= alee AGN 

5 1844 | 1845 | «----. 1847°| 1848 | 1849 | 1850 | 1851 | 1852 | 1853 
6 1943): S44. | Pes TSAG al eects alactecctieal |: Assen eli eeenets, il wssanen lumeeete cee lice terete 

7H conte 1844 | 1845 | 1846 | .....- aca reil|” Veet Po oeeale. Pee cae ie cee . 

8 1843 | 1844 | 1845 | 1846 | 1847 eRe RS ie. £8 Fie 9 oe Sl rtche| |e ae | re caer 
Cpeaieeatcs 5 PQA Pe lice abe Sitti. ccm Rie Peete Meeietegeatsi I asap oy c]l ee areieysree ol eevee acl |e Reese 

10 1843). 1844 pega iTeagie re cea sass. Cie ss see Ral eere ae (SSSA AE 

i amen eee TS4A: |) DSi Bape covets te wowiseoan | errs oral Maree etow ll aaies ecco." |lnroetteerel lik crested AAA 

12 POC orang Go ©: aI IeoY sepa arise Wariner cue | wocbscin-clnctoon Mabe Bored Mkcnaseo:, |ktoctoo al iigesic F 
13 poy. Sl oy boa eee Re | erm ce Bc ccet| wcamereal RocGs allimtc Hoes aes 
14 ar S44 mS aiealeences seo iectetl' | oeew ioe All aoe See Seel! meceate alktemerecmal| mete she 
15i wlbeesaes TS445\| S1S ae leseacealcerione se REED hrwmereaaae | ee teoaetal Masi ee een ie eee 

We leases TSA. | TP SAB A ect Mectesteeall| ected aemeinee tecevaeer amen asia, jee ote 
17 Wi cedeos PS44: | PSA | cere. Al Nore ea iemectcctereree ollencteece es call ectasa crate elec eral neta 3 

18 [S48 S44: || 1 S45E l SSAC A) ccrcenen lt sect meee meeee ae bar tlie ctetseey | scat 
kO>. xedee USA TS 45 ile seen Pall taaieisnts.. | ccaenerek lacie || ermaicel aes 

20 1843 | 1844 | 1845 | 1846 | 1747 | esos | -oeeee | -----e 1851 | 1852 | 1853 
OY Pallipaceees 6 SAA CISA | ecm erecta lm ecto etee leer Gall Sint hae ltetcees AEE. Sal eel eeu ey ooeeee f 

99 1843 1844 1845 TS46 | weccae ML Stetecalaie i Veietiate lai pie isiancasullll | yaypintsta lt Matewe watee si) Mesteteiteete 

OB} |) oeoano 1844 | 1845 | 1846 | 1847 | 1848 | 1849 | 1850 | 1851 | 1852 | 1853 4 
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From this it will be seen that some of the horizontal lines in Table 4 represent 

the average result of a greater number of years than others. This will undoubtedly 

diminish to some extent the value of the Table, and prevent the annual variations 

for the different hours from being so comparable with one another as they would 

otherwise have been. It is believed, however, that the Table is not without 

interest. 

The following Table represents the annual range for the different hours as de- 

duced from Table 4 :— 

TABLE 6.—Declination—Annual Range for the Different Hours. 

Hour ) zs 
G.M.T. } 0 ih 3 4 5 6 7 8 9 roy 11 

Range, | 4-13| 4:55|4-49 |4:52 |3-94 |9-76 | 2-65 [9-74 |2-68 | 2-54 13-15 | 2-11 

G.M.T. 
Range, | 1-72 |1-89 | 1-83 |3-52 |2-86 | 4-17 |3-91 | 6-50 | 4:57 |5-39 | 3-46 | 2-02 

Hour } ee ismimne ts love a7: | leuk do || 90 |) 2t,.),29. k 93 

On examining Table 6 it is perceived that the ranges of variation for the hours 

of the day are greater than those for the hours of the night, the ranges for the 

hours about midnight being especially small. A similar fact has been noticed by 

General Sabine, for Toronto, Hobarton, the Cape of Good Hope, and St Helena. 

(See Transactions Royal Society of London, Part II. for 1851.) 

Another fact, noticed also by General Sabine for these four stations, has its 

analogue at Makerstoun. 

It will be seen that the months June and July go together, being affected with 

a minus sign—that. is to say, having a less than mean westerly declination, or 

being east of the mean position from about 14° to about 23° G. M. T., or from 

1 a.m. to 10 a.m., Makerstoun mean time; while they are affected with a positive 

sign, or are west of the mean position, during the remaining hours. 

Precisely the reverse happens with November and December, which are affected 

with a positive sign, or are to the west of the mean position from about 1 A.M. to 

10 a.m., Makerstoun mean time; while during the remainder of the day they are 

to the east of the mean, being affected with a negative sign. 

HorIzontTaL ForcE. 

The following Table contains the corrections that have been applied to the means 

of the observed readings of the horizontal force magnetometer in order to obtain 

the mean of the day. These corrections have been deduced from hourly observa- 
tions made during 1844 and 1845. 
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TasBLE 7.—Horizontal Force—Correction for Mean of Observation Hours 

in Seale Divisions. 

20%, 23%, . 

20%, 23%, 2h, 5B, 
Month. 2h, 5b, Bh, eee a G. M. 7. 

G. M.T. See 
Before After 

July 8, 1851. July 8, 1851. 

January, —1:01 —1:10 
February, . —0°05 — 0-06 
March, + 0:99 + 1:07 

April, +301 + 3°27 
May, +2:90 +3:15 
June, + 3°53 + 3°84 
July, +361 +3°92 
August, +3°30 +358 
September, +3°45 +3°75 
October, +1:98 +2°15 
November, +0°77 + 0:84 
December, —0:05 — 0°06 

If the corrections recorded in this Table be applied to the observations, we obtain 

the monthly means as follows :— 

TaBLE 8.—Horizontal Force—Monthly Means in Scale Readings. 

Month. 1847 _ 1848 1849 1850 1851 1852 1853 1854 1855 

January, . | 558-69 | 557°74 | 568°61 | 584°75 | 593:23 | 610-54 | 626°35 | 638-21 | 652.35 
February, . | 556-10 | 556-59 | 571°19 | 584-63 | 593-77 | 612-04 | 626-11 | 637°95 | 651-01 
March, . . | 557-82 | 559-88 | 571°36 | 582-46 | 597-93 | 610-26 | 625°50 | 640-12 | 640°77 
April, . . | 557-26 | 562-23 | 574:56 | 587-58 | 601°95 | 615°57 | 629-26 | ....... 651-10 
May,. . . | 557:44 | 567-03 | 580°20 | 589-45 | 600-52 | 618-03 | 631°73 | ...... 651-50 
June, . . | 562-63 | 568-98 | 586°84 | 591-21 | 603-63 | 620-99 | 631°86 | ...... 65302 
July, . . | 560-34 | 568-88 | 584-10 | 590-13 |*610-°56 | 619°64 | 632-55 } ...... 649-29 
August, . . | 559-37 | 567-49 | 580:87 | 589-22 | 607:90 | 619-31 | 634-20 | 11... | esses 
September, . | 558-19 | 564:29 | 578°85 | 588-27 | 600°13 | 618-56 | 63090 | 647-32 | «.---- 
October, . | 551-71 | 568°35 | 578-04 | 588-46 | 602-40 | 618-41 | 635-56 | 659-05 | 653-29 
November, . | 556:17 | 566:85 | 581-23 | 592°88 | 611-17 | 620°53 | 637-42 | ...... 657:04 
December, . | 563-65 | 566°72 | 584°78 | 595°63 | 611°78 | 623°68 | 638-77 | 628-41 ‘ 

* After June 1851 the new value of the scale reading commences (see Introduction, page xiv.) 

If we obtain the mean scale reading for each year by taking the mean of the 

months in the above Table, and if we then reduce these yearly means to parts of 

force and compare consecutive years together, we shall obtain values for the ap- 

parent secular change of horizontal foree—apparent only, because the lengthening 

of the thread and loss of magnetism of the magnet will cause gradual change in the 
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readings, which cannot be separated from that due to secular increase of horizontal 
force alone. 

The following Table exhibits the values of apparent secular change thus ob- 
tained, making use of the whole series of years :— 

TaBLE 9.—Apparent Secular Increase of Horizontal Force. 

Difference between the mean of Parts of Force. 

1842 and 1843 -003470 

18438 1844 -003885 

1844 1845 -0014385 
1845 1846 -001285 

1846 1847 °001243 
1847 1848 ‘000852 

1848 1849 -001863 

1849 1850 001394 

1850 1851 °001335 

1851 1852 -001268 

1852 18538 001787 
1853 1854 °001339 

1854 1855 ‘001136 

The first two values in the above Table are probably erroneous, and the mean 

of the other eleven gives ‘001358, which we may consider to represent the apparent 

mean yearly increase of horizontal force. While, however, this amount only ap- 

proximately represents the secular change of horizontal force, it represents actually 

the mean secular change that takes place year by year upon the readings of the 

bifilar from a combination of causes, and which must be eliminated from these 

readings in order that we may obtain the annual variation. This has accordingly 

been done, and the annual variation of horizontal force so obtained is exhibited in 

the following Table :— 

MAG. AND MET. oBs. 1847 To 1855. g 



XXV1U GENERAL RESULTS OF THE MAGNETICAL OBSERVATIONS. 

TABLE 10.—Horizontal Foree—Annual Variation for the Different Hours in 

Parts of Force. 

MT Jan. | Feb. | March.| April. | May. | June. | July. | Aug. | Sept. Oct. | Nov. | Dec. 

-00 -00 -00 -00 -00 -00 -00 -00 -00 -00 -00 -00 
O |/+084 |+067 |—022 |—091 |—038 |+002 |—012 |—041 |—062 |— 031 |+040 |+105 
1 +042 |+039 |—030 |—078 |—022 |+029 |+011 |—023 |—033 |—039 |+036 |+ 067 
2 |/+016 |+012 |- 017 |—021 |4+003 |+039 |+014 |+015 |—007 |—051 |—016 |+013. 
3 — 023 |—016 |—028 |—043 |—002 |+067 |+056 |+034 |—016 |—030 |—003 |+006 
4 —057 |—037 |—011 |—014 |+037 |+058 |+086 |+036 |—008 |—037 |—038 |—015 
5 —070 |—053 |—025 |+040 |+099 |+094 |+086 |+033 |—024 |—060 |—077 |—044 

6 
if 
8 
9 

—087 |—089 |}—048 |+023 |+107 |+082 |+114 |+071 |—018 |—076 |—040 |—041 
—100 |—089 |—061 |+033 |+097 |+098 |4+126 |+061 |—039 |—074 |—038 |—015 
—080 |—068 |—014 |+013 |+098 |+111 |+104 |+061 |—043 |—092 |—066 |—024 

: —077 |-—057 |—039 |—007 |+063 |+098 |+096 |4+052 |—019 |—032 |—040 |—038 
10 —040 |—032 |—016 |—002 |4+035 |+080 |+074 |+021 |—041 |—028 |—033 ;—019 
11 —067 |—065 |—057 |+010 |+032 |+086 |+061 |+047 |+006 |—011 |—021 |—023 
12 —059 |—050 |—022 |—011 |+019 |+062 |+062 |+029 |+014 |-017 |—019 |—009 
13 —056 |—023 |—030 |—042 |+006 |+066 |+060 |+034 |—008 |—005 |4+005 |— 006 
14 —051 |—029 |—078 |—033 |+006 |+058 |+053 |4+017 |4+012 |+008 |+021 |4+016 
15 —074 |—024 |—071 |-—078 |+009 |+065 |+058 |4+022 |—001 |+021 |4+038 |+035 
16 —027 |—036 |—049 |—056 |—016 |4+042 |+033 |+009 |—001 |+031 |+041 |4+028 
We —009 |—028 |—055 |—055 |—031 |+029 |+014 |+008 |—003 |+029 |+051 |+051 
18 ||+033 |+011 |—018 |—012 |—038 |—024 |—025 |—048 |—023 |+015 |+054 |+075 
19 |/+018 |+006 |—016 |—045 |—040 |—O016 |—014 |—039 |—026 |+012 |4+076 |+084 
20 ||/+093 |+050 |+033 |—011 |—051 |—033 |—049 |—078 |-—097 |—012 |+064 |4+092 
21 +075 |+069 |—022 |—079 |—065 |—024 |—025 |—089 |—061 |+002 |+094 |+127 
22 {+121 |+093 |4+002 |—072 |—053 |—039 |—045 |—105 |—097 |—025 |+068 |+153 
23 +105 |+060 |—017 |—054 |—027 |—005 |—039 |—046 |—103 |—050 |4+052 |+122 

The years that were made use of in order to obtain each hour’s variation, as re- 

presented in Table 10, are those exhibited in Table 5, with the exception of the 

year 1843, which it was thought advisable to leave out. 
The following Table exhibits the annual range for the different hours as deduced 

from Table 10 :— 

TasLE 11.—Horizontal Force—Annual Range for the Different Hours 

in Parts of Force. 

Hour amt} Ge eer eg TRS gh eg atonal a ett ete ae 
‘00 00 00 00 00 00 ‘00 00 “00 ‘00 “00 00 

Range, 196 |.145.|'090 | 110 } 148°) 176) 208 | 226 203 | 175 | 121 | tos 

Hour 
aunt} 1 Wi i is Se 0 I SSeS sh GE Rs ie 

‘00 00 “00 ‘00 “00 ‘00 00 00 -00 “00 -00 00 
Range, 121 | 122 | 136 | 145 | 098 | 106 | 123 | 129 | 190 | 216 | 258 | 225 

From this Table we deduce a conclusion similar to that derived from Table 6, 

viz., that for horizontal force, as well as for declination, the ranges of the annual — 

variation are greater for the hours of the day than for the hours of the night. We 



HorIzONTAL FORCE. XX1x 

may also derive results from Table 10 similar to those derived from Table 5. It 
will be observed from the former Table that the months June, July, and August 
comport themselves in the same manner. From between 17° and 18", to about 
0* Gottingen mean time, viz., from between 4 a.m. and 5 A.M. to about 11 a.m. 

Makerstoun mean time, they are affected with a negative sign, or have a less 

than average horizontal force, while for the remaining hours they are affected 

with a positive sign, or have a greater than average horizontal force. Nearly 

the opposite happens with the two months November and December. From 

about 13° to 1" Gottingen mean time, viz., from about midnight to noon Maker- 

stoun mean time, they are affected with a positive sign, or have a greater than 

average horizontal force; while during the remainder of the day they are af- 

fected with a negative sign, and have a less than average horizontal force. If 

from Table 10 we deduce the annual variation for the mean of the day, that is 

to say for the mean of all the hours, we shall obtain a result similar to that de- 

duced by Mr Broun from part of the series of years used in Table 10, viz., that the 

horizontal force is a maximum at the solstices and a minimum at the equinoxes. 
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2 DAILY OBSERVATIONS OF MAGNETOMETERS DURING JANUARY AND FEBRUARY, 1847. 

Gottingen Temperature 
Mean 8 A.M. 11 a.m. 2 P.M. 5 P.M. 8 P.M. of Bifilar and 
Time. Balance. 

Decin,| Bifil. | Balce. || Hecin,| Bifil. | Balce. || F..,.| Bifil. | Balce. || Decjn,| Bifil. | Balce. || Hecin,| Bifil. | Balce. 
Civil Day. o , | Cor- | Cor- Cor- | Cor- ° Cor- | Cor- ° Cor- | Cor- ° Cor- | Cor- || 8 a.m,| 5 P.M. 
ci Yl 24° + rected.| rected. 24° + rected,| rected. 24+ rected.|rected. anes rected.| rected. 24+ rected.| rected. 

- U sc. diy. |mic. div a se. div. Era div y sc. atv mic. div Z sc. div.|mic. div|| “ sc. div. mic. div o * 

Jan. 1 || 61-78) 563-9) 237-2|| 62-69) 560-0) 240-5] 65-11] 563-9) 238-1]| «++ +++ | --e+2- | wee eee 62-23) 564-3] 259-0)| 42-1 | ---+-- 

2 || 60-98] 563-3} 252-2|| 65-38] 558-5) 260-8)| 69-02) 557-6! 276-7|| ----- i | a aye caraienl rotate eters 61-72) 560-8) 283-1]| 41-1 | ------ 

6235156523 (271025 ||eeeeeeal eemerenlteie sc 65-62) 557-9] 286-7]|| «+--+. sssece | coceee Il G2-42| 561-5| 296-0l] 35-4 |<--0- 
66-50] 567-9] 252-41] ...000 | oeeoe | ceeevs SREB Ia hO7/Crei|eosese |koeones || coaco: 63-11| 562-6| 274-9]| 37-9 | ------ 

561-4) 261-2]] 63-57] 558-4) 257-1]| 67-60] 557-1| 258-3] 62-94) 556-2! 283-4) 61-79) 561-0) 263-1]| 41-3 

62-28) 560-1} 246-5]|| 62-62) 554-7| 252-2|| 65-99] 554-8) 254-0]| 63-04| 560-2) 258-8]| 59-07| 559-7| 266-4) 43-3 
62-28] 564-0} 248.-2)| 63-14) 557-5] 253-0) 65-85) 555-8) 252-6] 64-05) 558-8) 259-0)| 61-25) 559-8) 259-3) 42.4 
60-60} 572-7) 236-0| 63-97| 555-1| 259-7] 64-71) 560-4| 253-9]| 64-98) 563-5) 268-1] 64-89) 558-9) 284-4 39-8 O OIA ML 

ro) we Oo NX 

11 || 61-70) 557-5) 278-2) 64-35] 558-5) 282-3] 65-82) 556-7| 284-6] 65-90] 555-6] 306-3) 62-99) 558.4| 297-0) 30-5 
12 || 61-01) 558-1) 281-8] 62-75) 555-7| 271-1] 71-66) 552-9] 277-9|| 66-56] 557-7] 285-0|| 62-35) 538-8) 281-0) 25.6 
13 || 62-86) 557-7| 278-2) 65-15] 556-2) 273-0) 67-64) 559-5) 271-6] 62-35] 560-7) 284-1] 59-29) 559-1) 285-7) 24-1 
14 || 63-94) 552-0} 274-0) 64-48) 558-9) 276-2) 64-64) 558-0) 277-1|| 61-81] 560-1) 283.4|| 62-62) 567-5) 272-7|| 26-9 
15 || 61-76] 562-4] 242-0] 61-98) 557-2/ 255-0|| 64-81| 561-7) 247-5|| 63-57) 560-3) 230-0)| 62-19} 561-7| 230-2) 33-5 
16 || 61-36) 562-6| 233-1] 62-82) 554-1) 243-9) 66-73) 557-2) 251-1] 64-31) 561-5) 244-9] 63-23) 560-6) 242-7) 35-5 

18 || 61-75) 561-1] 244-4) 62-86] 559-1] 249-4)| 64-08) 559-8] 254-3) 62-99) 561-6} 249.8]| 62-48) 562-2) 245-7) 33-2 
19 || 61-68] 561-7) 239-9) 62-86] 557-1) 236-5)| 63-57] 560-4) 248-2|| 63-52) 562.1] 247.4|| 63-09) 561-6) 242-7) 33-7 
20 || 61-51) 570-1} 231-7|| 64-10] 561-2) 229-6) 68-29] 564-8] 249-9|| 63-63] 560-7] 262-3) 62-12) 560-3) 258-9 33-5 
21 || 63-65) 566-5} 233-0] 65-55] 549-4) 235-9] 65-58! 560-1) 250-6|| 63-63) 556-8] 298-0|| 61-88) 550-3) 271-8) 32-2 
22 || 62-77| 559-1) 248.3) 65-82) 552-6) 251-2)) 69-19) 554-5] 254-1] 62-96] 562-2) 258-3] 62-20/ 558.0) 251-5) 32-8 
23 || 62-67| 559-2) 235-4) 65-38] 556-7] 241-3/| 64-84) 560-2) 246-5)| 63-09) 560-0} 243-5) 62-35) 561-9| 244-9) 34-8 

25 || 62-10) 561-0) 228-2) 65-05) 556-2) 237-0) 63-02) 560.8) 239-9|| 63-16) 559-7| 230-5|| 61-75| 563-8] 227-8) 37-7 
26 || 61-52) 562-1) 217-7)| 63-09) 557-9) 219-4) 64-59| 561-3) 198-1)| 63-37| 561-8) 209-6|| 62-35) 564-1] 219-4) 39-4 
27 || 62-01) 559-6} 224.8]| 63-77) 562-3) 229-0) 64-98) 561-8) 222-0|| 63-32) 557-6] 227-8] 62-19) 563-2) 229-7|| 40-6 
28 || 61-14) 559-6) 228-5]] 61-98) 561-2) 228-5) 64-05) 557-4) 228-5] 64-10) 558-8) 235.9] 62-28) 564-0) 232-0) 40-5 
29 || 63-99) 558-0) 226-6|| 65-08] 558-0) 226-1) 72-40] 560-3) 255-1] 69-77| 558-4) 282-8] 77-19| 560-1) 318-8) 38-5 
30 || 62-93) 553-1/ 251-7|| 63-70) 555-5) 249-4|| 66-32) 554-0) 255-6]| 55-87| 567-8) 298-8) 66-06) 542-9) 492-7|| 38-9 

65-11| 548-6) 277-0) 68-45) 542-7) 303-2)| 65-80) 548-7) 290-5)) 62-82) 556-8) 304-7) 62-12) 555-6 272-5) 34-5 
61-36] 553-8] 272-4|| 64-01] 545-6) 275-3) 65-03) 555-9] 283-9]) 62-13] 554-8) 279-8] 60-98] 555-0) 268-8) 35-1 
61-14| 558-8} 268-2) 63-60] 545-8) 272-5] 66-41] 551-9] 280-6|) 63-77] 559-0) 278-7) 62-26) 559-0) 271-0) 34.4 

277-5|| 64-51] 542-8) 281-6) 66-39] 556-9) 28124] 62-42) 558-1] 285-8] 62-42) 561-3) 266-6) 31-2 
61-68] 560-1) 268-6|| 62-94) 554-1) 259-4) 64-82) 558-1] 261-3) 62-82) 563-2) 251-0) 62-72) 562-6) 240-7|| 31-8 
60-01] 569-9) 227-6] 71-34] 551-7| 218-8] 75-58] 553-9] 249-9]) 66-39) 560-4) 377-8]| 61-61) 560-0) 337-0) 38-3 Oop wnre 

ep) Le oo <I On On on ee) 

8 || 62-87| 551-9) 290-8) 63-74) 551-7| 281-7] 69-64) 559-0] 289-9] 64-69) 566-7| 296-8] 62-96) 555-9) 304-2) 28.2 
9 || 60-40] 544-1) 258-0) 63-13] 549-6} 264-3) 68-79) 555-5) 276-7) 65-92) 561-8) 302-1) 59-98) 554-1) 297-9) 27-2 

10 || 61-83) 556-8) 260-1) 64-41) 558-4) 260-0! 67-71| 560-3) 260-7|| 64-98) 562-2) 270-4|| 63-99| 560-7| 266-3) 30-8 
11 || 60-10) 559-7) 252-8) 62-25} 552-7) 252-3}| 69-33| 559-4) 259-7] 64-55) 558-5) 272-1|| 61-99) 560-5) 257-7|| 33-3 
12 || 60-40) 559-4) 253-4) 62-89) 556-1) 251-1] 68-05) 555-2) 261-5) 66-56) 558-2) 271-5) 63-30) 562-4) 262-2) 33-9 
13 || 61-27] 557-0) 266-3) 62-35] 555-7| 270-8] 65-05] 556-3) 266-9)| 63-41) 556-8) 264-3] 62-45) 561-0) 259-3) 30-1 | 

15 || 60-67| 558-2) 249-5]) 63-35) 560-4) 248-9]] 63-63] 561-7| 263-6] 62-26) 561-1] 271-4) 62-05/ 564-3) 263-3|| 39-2 
16 || 61-56) 563-6) 243-3) 68-52) 555-5) 259-3] 66-77] 555-3) 282-7] 58-96] 562-2) 295-6) 61-29] 559-7) 263-2) 38-5 
17 || 59-76) 558-8) 254-8) 63-58) 552-4) 260-8] 66-16) 561-9) 266-4) 62-70) 557-0) 281-4) 56-57| 560-6) 261-5) 41-1 
18 || 61-34) 559-3) 251-9) 64-79) 557-2) 248-9) 67-32] 562-9) 253-8] 66-88) 566-8| 283-8)| 60-85) 565-8) 272-0)| 45-9 
19 || 61-68) 560-1) 253-5) 66-81) 555-0) 249-6) 65-09} 559-6] 270-1]| 62-82) 559-9] 268-8] 61-88) 562-8) 261-0) 43-3 
20 || 61-11) 559-2) 257-6|| 66-77) 552-2) 251-5|| 66-43] 558-9] 264-6] 63-27| 560-5| 257-3] 60-38) 563-2) 257-6) 40-7 

22 || 60-91) 556-5) 273-3) 68-16) 547-6) 246-9|| 73-16] 555-4) 293.4|| 71-74) 550-3) 346-7|| 60-37| 558-3) 320-5) 42-2 
23 || 60-15) 545-8) 256-8)| 64-78) 547-0) 271-2|| 65-72) 553-2) 291-1|| 63:18) 554-7| 294-8] 63-72) 557-3) 292-3)| 43-5 
24 || 59-79) 560-5) 279-6) 63-67) 552-0} 279-0|| 73-32) 561-2) 297-1) 60-37] 553-1] 357-0) 32-15) 547-8) 354-1)| 37-9 
25 || 61:38) 544-2 234-8) 63-50/ 548-3) 280-9) 66-90} 560-2) 276-1|| 67-62) 556-5) 334-1) 55-17) 545-7| 300-8)| 34-8 
26 || 62-50 547-0 210-3] 67-15) 543-8) 276-9] 68-55) 562-0] 289-3] 60-57} 554-8] 295-6) 48-03) 558-3| 269-8) 36-3 
27 || 61-04| 550-0, 269-1) 64.19) 549-2) 266-6) 68-25) 558-8) 272-7) 62-64| 561-8) 300-2) 62-45 558-9 270-3)| 35-9 
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Gottingen 
Mean 
Time. 

Civil Day. 

Mar. 

Apr. 

| Bifil. 

8 A.-M. 

Cor- 
rected. 

se. div. 

555-9 

565-1 

556-2) 

557-7 

565-3 

560-8 

543.4 
553-6 
555-7 
551-0 
559-8 
565-5 

560-3 
557-5 
562-3 
564-1 

Balce. 

Cor- 

rected. 

mie. div 

240-1 

292-7 
277-5 

275-4 

249.5 

255-5 

247-9 
229-1 
286-1 
289-5 
268-5 
232-6 

247-6 
263-1 
249-9 
249-3 

seeeee 

11 a.m. 

Bifil. 
Cor- 

rected. 

se. diy. 

561-7 

538-9 

543-6 

544-4 

542-8 
552-0 

544-9 
535-9 
550-0 
546-6 
548-4 
551-2 

554-4 
542-1 
542-6 
549-0 
531-9 
542-6 

534-1 
538-7 

540-6 

041-8 

544.7 
538-3 
542-3 
543-1 
539-8 
527-9 

540-9 
535-2 
534-7 
552-6 
536-9 
548-7 

544°-6 
541-3 
540-9 
533-9 
545-8 
546-8 

536-6 
506.4 
545-4 

3} 541-1) 2 
542-2 
545-9 

549:7 
550-8 
550-8 
534-9 
532-1 

544-4) 2 

Balce. 

Cor- 
rected. 

mic. div 

249-6 
294.4 
285-6 

281-0 
269-1 

266-9 

257-5 
254-9 
275-8 
292-3 
269-2 
247-1 

247-7 
254.7 
264-6 
244-0 

Decln. 

24° + 

74-40 
66-91 
67-60 
67-04 
67-07 
67-74 

68-29 
74-68 
70-40 
69-22 
68-68 
72-28 

71-10 
70-33 
70-98 
71:95 
76-45 
67-34 

69.29 
69-91 

68-18 
69-42 
66-90 

68-95 
71:72 
69-19 
70-65 
70-41 
79-79 

71-66 
71-27 
71-51 
70-30 
69-96 
68-55 

67-45 
68-21 
70:06 
69-74 
69-62 
73-86 

68-03 
73-83 
69-19 
69-19 
66-54 
67-07 

66-64 
69-69 
67-42 
67-20 
67-76 

5 P.M. 

Bifil. 
Cor- 

rected. 

Balce. 
Cor- 

rected. 

mic. div 

231-3 

316-4 

275-2 
277-6 
273-8 

263-5 

sc. div. 

590-1 
553-8 

558-5 
553-9 

557-4 
559-4 

556-2 
554-4 
552-5 
556-3 
554-4 
561-0 

270-7 
293-3 
267-8 
277-2 
262-6 
224-0 

228-2 
237-9 
240-3 
233-5 
347-4 
252-4 

561-4 
549-8 
548-3 
557-1 
563-8 

24 1:2 
248-8 

246-2 
2568 
246-5 

255-7 
264-8 
247-1 
251-1 
232-9 
264-1 

223-6 
273-2 
224.0 
253-5 
271-3 
262-5 

238-7 
259-2 

557-6] 255-4 
536-6] 266-5 
547-4 238-0) 
576-4} 295-5 

556+3] 235-5 
549-3) 432-3 
582-8) 531-7 
556-7| 275-5 
555-7) 256-6 
547-6) 268-6 

562.2) 240-0 
561-7| 248-1 
564-8} 286-3 
562-1} 243-8 
569-9) 350-4 

62.23 
65:55 
70-40 
62-32 
67-00 

Bifil. | Balce. 

Cor- | Cor- 

rected.| rected. 

mic. div 

495-1 
298-3) 

272-7 
295-6) 

272-0 

261-3 

sc. div. 

620-1 
556-8 

561-6 
558°5 

558-6 

559-1 

566-8 
961:5 
059-6 
557-9 
564-9 
566-8 

289-8 
325-7 
289-4 
292-7 
259-1 
266-6 

560-4 
561-9 
562.4 
565-8 
648-2 

261-4 

558-9| 284-4 
558-9} 289-8 
566-0) 260-4 

560-1 
590-9 
599-2 
565-4 
564-6 
589-9 

268-9 
276-1 
262-5 
248-3 
250-6 
276-6 

567-9 
562-0 
573-7 
549-2 
567-4 
562-3 

266-4 
265-9 
251-0 
274-8 
289-0 
267-9 

578-3] 247-7 
559-7| 261-9 
570-9] 286-9 
564-4) 282.7 
568-7) 246-4 
564-0} 256-7 

568-4 
638-1 
602-9 
579-3 
566:5 
560-6 

243-5 
590-6 
514.0 
301-8 
274-2 
269-2 

567-8 
574-1 
586-2 
567-4 

247-8 
276-8 
287-7 
276-9 

572-3) 289-4 

Temperature 

of Bifilar and 

Balance. 

. | Balce. 

.|rected. 

iv. |mic, div 

Cor- 

819-5 
284:5 
264:7 
319-3) 
275:-7| 
255-7 

290-3 
294-1 
307-7 
275:3 
250-2 
274.2) 

264-2) 
259-0 
235-9 
280-8 
641-1 
243-5 

eee eee 



4 DaILy OBSERVATIONS OF MAGNETOMETERS DURING MAy AND JUNE, 1847. 

Temperature 
8 a.M. 11 a.M. .M. 5 P.M. 8 P.M. of Bifilar and 

Balance. 

Bifil. | Balce. |] Pectin. Bifil. | Balce. | Bifil. | Balce. Decta Bifil. | Balce. Decln,| Bifil. | Balce. 

‘| Cor- | Cor- 24° 4 Cor- | Cor- Cor- 24° 4 Cor- | Cor- 24° 4 Cor. | Cor- 
rected.| rected. rected.| rected. .|rected. rected.|rected. rected. rected. 

sc. div. |mic. div sc. div. |mic. div is sc. div. |mic. div - div. |mic. div c. div. |mic. div ‘ s ’ 

543-1] 272-2) 63-14) 542-7| 256-9|| 69-96) 565-8) 256-6)| 64-64| 571-1) 276-2|| 62-42) 572-4) 263-5 

551-7| 274-6]| 62-72) 544-7) 251-6) 73- -1| 253-9]| 66-12) 569-4) 275-5)| 60-60) 568-7) 285-4 
552-8] 276-8] 62-48] 533-7) 269-3)| 71- -7| 249.4|| 63-97] 572-8) 247-9|| 59-86) 568-8) 266-3 
551-6| 270-0) 60-77| 538-1) 257-1|| 69- -1| 240-4|| 64-10 256-4] 59-93) 573-7| 258-8 
559-6] 266-8] 58-72] 545-1) 235-3 . -7| 224-8) 64-98 +2| 247-3] 59-53) 571-6) 258-0 

-62| 557-7| 260-7|| 59-81] 552-8) 245-9)| 67-04 *8| 222-7) 65-35 -3) 235-6]| 60-60] 571-9) 261-1 
490-3|—31-1|| 67-65] 500-6) 235-8 . -7| 423-7|| 62:32 -1| 494-2)) 65-76) 553-0| 325-7 

528-7| 259-1] 64-79] 549-5) 235.2 . 241-2)) 62-73 263-8)| 59-88) 568-2| 273-6 
550-4| 270-6)| 62-15) 538-6) 260-0) 66- -1| 257-2)| 60-84 -7| 270-2}) 61-65) 566-4| 270-2 
548-2| 296-5] 62-62) 564-9) 264-4|| 65- -9) 249-8]| 60-53 -7| 259-6)) 59-17) 569-8) 263-5 
545-6] 264-2) 56-63] 541-1] 239-0) 69- -3| 242-9]| 60-06 -5| 238-5] 58-90| 569-9) 247-1 
546-5] 272-2|| 62-57] 542-7| 249-4 : -3| 241-9) 60-74| 570-6) 253-1|] 59-46) 579-4| 248.7 
552-9) 264-2) 68-82) 543-0/ 210-1 . -2| 244-4) 69-03) 576-0] 295-3] 53-17| 596-4| 394-4 

537-3] 293-6] 58-15] 533-3) 284-8 62 -1} 302-7|| 65-08) 578-4) 373-4)| 61-58] 574-6] 354-3 
536-3] 274-6] 62-48) 532-9] 275-7 “( -5) 267-4|| 65-65) 576-3) 313-4) 60-50) 566-4| 296-0 
541-1] 271-9] 65-25] 539-4) 242-9] 67- -8| 240-3)] 61-34] 565-6) 260.9)) 60-77} 566-9) 256-3 
543-7] 250-5), 63:09] 537-1) 229-7 , -8| 237-8) 59-39] 566-6) 308-1] 58-38) 582-9) 305-2 
548-8] 277-0|] 60-87| 536-1) 267-6 . -1| 258-5) 60-06] 564-1) 279-3]| 54-84) 565-3) 272-4 

544-1| 275-6] 58-87) 546-0) 262-6) 63- -3) 262-9] 60-53) 567-9) 269-8|| 58-92) 563-8) 277-7 

555-3) 270-4] 59-66] 544-4) 248-1 . -1| 243-6|| 60-60} 564-9] 246-9]| 60-10} 568-3) 255-3 
558-7] 249-9]] 58-42| 550-0) 230-5 : -4| 232-5]! 61-41] 567-6) 248-7|| 60-45] 574-8] 252-8 
555-7| 238-5] 63-90) 550-5} 231-2) 70- -6| 233-8] 66-53) 568-4| 284-0/| 60-00] 574-7| 284.9 
556-5) 288-2|| 58-67| 549-8] 246-0) 66- -0| 241-8} 61-07] 564-6) 246-2)| 60-72) 592-7) 253-2 
552-3] 255-6] 61-81) 537-8) 248-5 : -9| 253-6]| 60-25] 575-5) 269-0)! 59-86) 571-6] 280-9 
512-8] 241-9] 61-72) 546-9) 233-0)| 67- -3) 256-4) 62-60] 574-7) 359-1)! 62-25] 567-6) 264-0 

555-2| 292.-1|| 59-50/ 545-0) 271-0 . -9| 251-9]! 61-72| 587-5) 267-7|| 61-39] 574-1] 278-0 
551-6] 295-0]] 61-34] 543-9] 233-9) 69- -0| 226-1) 66-83] 577-7| 267-7|| 58-69] 572-5) 328-8 
544-6] 287-9]|| 61-73] 535-9} 259-0)| 65- -4) 254-1|| 62-62) 569-5) 259-7|| 59-43) 572-6) 279-7 
554-9] 285-9|| 62-96] 544-2| 259-9) 65- -8) 248-7) 62-32) 565-0) 249-4) 61-05] 573-2) 266-6 
551-0) 287-31] 60-03] 538-0) 272-0)! 66-06 -1| 265-0)| 61-75} 561-8} 309-3] 60-35] 569-1] 310-9 
559-3) 318-5) 60-77] 553-7| 274-6) 63- -0| 272-8) 63-02/ 569-8) 288-1]| 60-37| 574-2) 284.8 

}| 563-1] 271-1]) 58-08) 556-1) 267-7 : :2| 270-9] 62-72) 571-5] 298-4|| 61-01| 574-7] 294.2 
553-3| 227-8] 62-69] 548-3) 233-0) 66- .3| 235-8]| 64-04] 560-0) 269.7)| 60-67] 576-3) 282-9 
555-6] 281-5]| 62-86] 549-7] 280-4) 65. -4| 265-4|| 61-24] 562-6] 275-9] 61-18) 582-3} 279-0 
558-5) 280-0] 61-86] 553-5) 253-8) 70- -5| 262-7) 64-88] 606-9] 360-2)| 63.96} 573-6] 294-1 
533-2) 221-4! 61-51) 540.2) 224-1 . -6| 249-7]| 60-00] 588-3) 274-3 581-8) 287-3 
544.3) 256-8] 60-67| 548-3) 225-5 . -7| 207-0) 65-36) 570-7) 234-3 589-8 243-1 

549-6; 179-1] 57-17| 537-2) 219-3) 65- -6) 262-9] 66-29] 610-3) 330-0 586-9) 277-6 
547-3] 246-8]| 60-06] 535-0) 250-2/| 65. -2| 241.9] 65-32) 566-7) 247-8 -77| 569.2) 258-3 
552-4| 261-0) 59-19) 548-7/ 196-3 . *7| 217-4|| 62-75) 568-3) 241-6) 59-71) 583-2) 240-0 
545-5) 250-9 236-4)| 67-1¢ -2| 235-7|| 62-37| 570-7) 252-1 574-4| 253-7 
556-0) 238-2]| 59- +1] 240-9)| 67- -6| 246-2| 64-51] 573-6) 246-8 589-6) 258.2 
553-1) 228-8)! 55- +8) 243-4) 61- -4| 239-9] 61-54) 565-3) 242-3 570-9) 234-1 

555-8) 233-1 teeeee . 190-5|| 66-17) 573-1) 211-9 585-4 204-4 
562-3) 240-1 : 6] 246-6)|-68- -2) 258-0)| 65-79) 565-2) 254-9|| 59-24) 571-0) 249-8 
560-1} 265-6] 56. -4| 260-7 . -2| 222-5]! 62-82) 566-7| 246-3] 59-19] 570-4) 233-0 

3) 554-2) 252-1 . -2| 228- -36 +1] 225-9}) 62-25) 566-2) 222-8) 59-76) 573-1) 223-9 
558-7| 226-5 : . . . -9) 217-8] 60-37| 570-0) 220-1} 60-87| 570-7) 235-0 
556-4) 250-5)! 63- : , -1| 207-4) 61-65) 574-4) 231-5]) 58-79) 576-7| 212-6 

584-0) 264-8] 61- : : +1) 229-0] 61-88) 570-3) 230-7|| 59-37| 581-3] 251-8 
550-5} 245-0 . . : -2| 232-1)| 62-93) 585-8) 226-9|| 60-17] 573-6) 234.3 
551-1} 244.4! 60- . : 37-1) 217-8|| 60-67| 571-4] 237-7|| 61-58) 577-3) 222-9 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING JULY AND AvuGustT, 1847. 5 

Gottingen Temperature 
Mean 8 A.M, 11 aM. 2 PAM. 5 P.M. 8 P.M. of Bifilar and 
Time. Balance. 

Decln,| Bifil. | Balce. || pecin,| Bifil. | Bale. || Decin,| Bifil. | Balce. || pooj,,| Bifil. | Balce. || peon,| Bifil. | Balce. 
Civil Day. 24° 4. Cor- | Cor- 24° 4 Oor- | Cor- | 9404. Cor- | Cor- 24° 4. Cor- | Cor- 24° 4. Cor- | Cor- ||8 A.M.) 5 P.M. 

rected.|rected. rected./rected. rected./rected. rected.| rected. rected.| rected. 

U se. diy. |mic. div se. div.|mic. div se. div.|mic. div sc. div. |mic. diy se. diy. |mic. div ° ) 

July 1 | 54-79| 545-0} 229-6|| 61-73) 538-9) 269-9) 67-47| 573-0|'262-7) 63-58] 571-9| 278-1) 59-98] 571-8] 255-4] 65-4 | 66-7 
2 || 51-93) 553-3} 280-8)| 56-50) 540.5) 243-8) 66-19) 557-4) 238-0) 63-87| 579-0) 258-1) 60-45) 575-9] 256-7|| 62-7 | 65-2 
3 || 54-55) 551-1] 283-4|| 63-27) 546-2) 267-4)| 65-42) 569-5) 247-5|| 61-98) 566-9] 247-8]| 60-42) 581-5) 244.7] 60-2] 67-8 

5 || 53-95] 550-7| 259-6) 61-39) 543-3] 254-0) 62-72) 567-0) 235-1|| 60-82) 562-7| 239-3] 60-65] 571-8] 243-1|| 63-8] 68-6 
6 || 52-26) 557-3) 249-6) 60-72) 552-0) 245-8)| 65-42) 553-5) 231-6) 61-81) 579-1] 248-4) 62-50) 587-3] 241-4) 65-4] 69-3 
7 || 50-56) 557-3) 244-6)| 65-72) 534-6) 230-8)| 65-06] 557-0) 231-3)| 62-72) 565-7| 287-9] 61-70] 578-6] 256-4|| 67-0 | 66-5 
8 || 54-75) 552-6) 241-4] 59-51| 545-3) 229.9] 69-12) 554-7) 257-1) 61-27| 563-7) 250-6] 59-34) 572-1) 248-8]| 61-9} 67-5 
9 || 55-09] 551-5} 260-1) 57-93) 553-9] 245-7) 62-40) 555-9) 240-2) 61-05) 584-7) 240-4] 55-09) 588-5) 297-5|| 62-5 | 67-5 
0 || 57-78] 534-1/ 112-1) 60-99) 539.6] 264-9] 66-66) 568-6) 252-8) 68-14) 569-3} 260-5) 58-43] 582-5] 288-5] 64-4] 69-1 

12 || 58-05] 536-4) 246-3)| 59-83) 542-3) 247-5|| 66-66) 552-5) 236-1] 62-28) 580-3) 249-0] 61-68) 572-1) 254-4|| 67-9 | 72-6 
13 || 59-30) 543-0} 241-2) 58-89) 527-6] 234-5) 68-65) 555-5) 243-2) 64-41| 571-4) 233-6) 57-76) 572-7) 263-4) 69-0 | 73-5 
14 || 52-48] 548-6] 259-1) 56-97| 533-1] 253-7) 64-78) 555-3) 232-9]) 60-98] 576-1] 219-0|| 59-79) 573-9) 252-2! 68-4] 74-7 
15 || 53-14) 543-3) 274-7|| 59-97) 532-6) 228-2)| 69-44) 553-2) 234-6|) 63-37| 570-5) 249-1) 59-12) 565-8] 257-9] 72-0| 74-9 
16 || 51-10) 546-5) 287-2)| 59-73) 532-8] 267-0) 68-73) 549-5} 249.5] 64-10} 567-9] 271-8] 59-93] 573-1) 279-7|| 67-1 | 64-0 
17 || 54-08) 551-8) 315-0] 60-24) 536-6) 247-5|| 69-66) 543-3) 234-5|| 62-40) 567-5) 265-5|| 59-07] 572-4] 251-9]) 59-4] 64-9 

19 || 53-24! 548.4| 252-8] 60-71] 539-7) 222-8)| 66-27) 559-8) 211-7) 62-96) 568-8] 221-5] 59-71) 578-7! 229-7] 64-0| 69-6 
20 || 52-70) 550-6) 256-2)| 62-48] 537-6] 238-8]| 66-64) 559-5] 236-6] 61-51) 566-0] 244-5)! 59-50) 570-7| 235-3|| 65-2| 66-3 
21 || 53-88} 556-1] 258-9)| 61-48) 548-6) 241-3) 66-73) 564-4) 226-8] 61-38) 565-4) 238-9] 60-27) 571-6] 236-2|| 62-8] 66-4 
22 || 57-89] 554-7| 237-6|| 61-85) 552-3) 256-0] 64-48) 571-7) 257-0) 63-37) 571-3) 260-9|| 60-13) 577-6] 242-1] 64-4 | 66-7 
23 || 53-41) 551-9) 214-5) 61-21) 543-6) 224-7|| 67-87) 560-0) 243-5] 63-20) 567-2) 265-5|| 61-05] 576-0) 252-1] 60-8] 64-2 
24 || 52-92) 554.8] 251-8) 59-76) 548-4) 233-4) 63-77| 561-0) 219-6! 60-80) 562-9) 221-5|| 58-85) 573-1} 228-2] 61-1] 66-1 

26 || 56-99] 553-0| 262-1|| 59-68] 545-6] 249.4|| 66-03] 557-7| 245-5] 56-23] 600-6] 253-4|| 57-55] 578-6| 244-2] 60-5| 66-7 
27 || 55-04| 549-5| 236-3] 62-05| 552-2| 205-6|| 66+79| 560-4) 209-8|| 60-24] 569-9] 226-8|| 59-51] 574-2] 226-4] 63-9| 66-9 
28 || 60-92] 559-0] 208-9]. 58-13] 543-2| 228-7|| 65-08) 553-6) 224-0] 61-01| 567-6] 240-4] 57-81] 569-8] 240.9] 63-5| 64-8 
99 || 52.92] 551-1| 239.4|| 58-97] 549-8] 243.8| 64.71| 565-1| 223-0) 61-95] 575-6] 236-1|| 59-51| 565-9] 230-9] 61-3| 67-4 
30 || 56-50| 554-6| 227-7|| 65-36| 551-4| 215-6|| 65-97| 566-5| 216-5|| 61-31| 569-9] 243-4] 59.97] 571-6| 238-7] 64:3| 68-6 
31 || 53-74| 555-9] 231-4|| 58-56) 547-9] 222.0] 66-26] 561-2 219-0] 61-27] 566-7| 243-0] 59-4 1| 553-4| 229-6] 63-7] 65-5 

2 || 53-61] 555-4] 239-3] 57-17] 543-2) 231-0) 65-74) 556-8) 212-9|| 64-04) 567-0) 219-9)| 58-33) 572-8| 227-3] 64-8 | 66-5 
3 || 54-15] 542-3) 233-3)) 61-21] 555-6] 223-0) 68-01) 553-7| 214-7|| 62-96) 567-5] 230-2)| 59-97| 576-4] 232-6|| 59-7] 63-0 
4 || 54.92) 566-6) 234-7|| 58-55) 554-4) 236-9] 69-53) 556-4) 232-0) 62-99] 570-3) 241-4|| 59-26] 583-3] 236.2)) 58-1] 60-5 
5 || 58-65| 530-3] 139-1]] 63-35) 519-6) 204-3] 70-06] 542-1] 243-6]] 64-81] 580-4) 248-2|| 61-21] 564-6] 263-2) 57-6] 63-0 
6 || 48-95] 541-3] 218-7]| 58-69] 539-7) 229-5) 65-29] 562-7| 215-7|) 62-48] 582-7| 227-8) 60-40] 578-8] 255-7|| 59-7] 64-8 

56-50) 541-1} 225-7) 59-95) 541-4) 219-5] 68-48] 564-4) 204-9|| 63-58) 563-6) 254-3)| 55-42) 576-5] 243-0] 62-7} 63-9 

9 || 54-92) 539-9] 212-1] 61-93) 540-1) 221-9] 69-71) 566-8) 227-0) 60-15] 571-4) 239-7|| 58-83) 573-3] 232-0) 57-1 | 59-7 
10 || 51-91] 551-6) 245-7|| 58-92) 545-1) 238-7|| 67-37) 561-8) 223-1) 61-75) 575-0) 237-4|| 54-46] 573-8] 248-2) 55-4 | 58-6 

11 || 54-89] 543-9) 248-1|| 59-91) 546-1) 243-3)| 65-79) 561-8] 216-3) 62-15) 568.2) 232-6] 58-25] 570-9] 211-0|| 55-4 | 61-7 
12 || 53-20) 555-4} 219-0) 60-92) 543-5) 209-4/| 68-58) 560-0) 210-4)| 60-62) 564-4) 212-7|| 57-79) 567-4| 197-6) 62-0| 63-9 
13 || 54-38) 551-6] 226-9) 60-96) 543-0) 226-6] 67-91) 552-1) 207-8|| 60-94) 564-5) 212-0|| 58-76] 570-0] 200-9)) 59-3 | 63-6 
14 || 51-54) 554-6] 233-6) 57-37| 547-2) 196-4|| 70-09) 572-2) 200-2)|| 63-90) 583-3) 365-3)| 62.13] 573-6] 229-1)| 58-6 | 64-7 

16 || 56-30] 546-3) 201-3] 62-42) 538-5] 232-8)| 69-87) 561-7) 208-0) 63-70| 582-0) 243.5)| 60-78] 577-7| 219-1|| 56-8 | 61-5 
17 || 56-81] 553-0] 220-3] 60-50) 548-7| 196-4) 73-19] 574-7| 189-7|| 65-45) 583-4) 211-6] 61-56) 595-8] 211-4|| 57-4 | 62-1 
18 || 51-43) 553-0) 226-7) 58-99) 537-2) 212-4) 67-54) 555-3] 194-2) 61-31| 566-4) 222-6)| 58-29] 583-0) 217-6] 59-2) 60-3 
19 || 51-39] 550-6] 235-0|| 58-83) 534-8) 229-1) 68-36) 553-1) 198-9|| 60-71) 567-1) 198-5) 57-91] 570-8] 229-7)) 56-8 | 63-7 
20 || 53-05| 550-5) 226-4|| 60-53) 538-1) 206-4|| 62-45) 556-7) 194-6)| 60-47) 574-0) 212-0) 58-05) 568-5] 213-5] 60-7 | 64-8 
21 || 50-25] 550-4| 229.8] 57-44| 537-8] 217.6] 66-50] 563-2) 205.8) 60-37) 566-2) 209-9] 58-94| 581-6) 220-0|| 60-2 | 60-9 

23 || 56-34) 546-6) 231-9) 59-06) 540-3) 236-1) 67-74! 546-5) 222-4)| 60.37) 555-3) 247-8] 56-37| 571-8] 240-0) 51-9} 56-4 
24 || 57-34) 539-7| 236-9) 63-84] 543-3) 197-9] 67-87| 559-7| 207-5) 60-33| 561-6) 249-7]| 55-49) 566-9] 249-3] 53.2] 57-5 
25 || 63-87| 535-6] 179-9 539-2) 203-9) 65-96) 576-6) 316-9] 55-29) 618-2) 447.2)| 58-15] 558-1] 322-6]) 56-6 | 59-5 
26 || 56-57| 555-5] 165-3] 64-37) 534-8) 195-4) 68-68) 555-4) 253-8) 58-65) 569-2) 238-3)| 57-21] 576-1) 207-4|| 57-6 | 62-7 
97 || 53-54| 549-2) 225-4) 61-34] 538-0) 210-2) 67-20) 552-7| 184-5)| 60-77) 567-4) 201-3|| 57-68] 572-3) 219-3] 61-3 | 66-7 
28 | 48-77| 539-6) 238-4|| 65-35) 534-2) 209-6) 70-53) 560-9) 215-1|| 63-23) 570-7) 258-1]] 58-42) 569-1) 226-0|| 63-1] 66-7 

er) op do i) 

30 | 51-25] 550-7| 231-7|| 59-59) 536-1) 214-3) 68-45) 559-2) 224-0)| 59-23) 560-7) 270-6)| 56-43 5 253-7|| 58-8| 61-0 

31 || 51-59) 557-4) 253-0) 57-71) 543-2, 247-5|| 68-52) 556-0) 240-1)) 60-27] 565-7) 239-2] 56-16) 5 228-6) 58-3) 63-0 
70- 
71- = xT 

B 



6  DAILy OBSERVATIONS OF MAGNETOMETERS DURING SEPTEMBER AND OCTOBER, 1847. 

Gottingen Temperature 
Mean 8 A.M. 11 aM. 2 P.M. 5 P.M. 8 P.M, of Bifilar and 

Time. ‘ Balance. 

Decln,| Bifil. | Balce.|| Hecin,| Bifil. | Balce. || pecjy,| Bifil. | Balce. || Hegjp,| Bifil. | Balce.|| pegy.| Bifil. | Balce. 
Civil Day. 94° + Cor- | Cor- 94° 4 Cor- | Cor- 24° 4 Cor- | Cor- 24° 4 Cor- | Cor- 24° 4 Cor- | Cor- ||8 A.M.| 5 Pm. 

; rected.|rected. rected.|rected. rected.| rected. rected.|rected. rected.| rected. 
— —|| $$$ 

y se. div. |mic. div se. diy. |mic. div se. div. |mic. div U se. div. |mic. div @ se. div. |mic. div 2 

51-07) 553-0) 250-6] 57-69] 538-3) 221-9]! 69-17) 551-7) 188-6]] 60-57) 571-2) 224-6) 55-15] 566-5) 252-1|| 58-9} 59-1 
50-67| 550-8} 246.2)) 58-72) 541-3] 232-8] 68-83) 575-9) 216-0] 61-93] 569-4) 238-7|| 58-85) 573-8) 228-5] 55-0) 56-8 

554-9) 257-9] 57-31] 538-9] 240-3! 63-72) 556-8] 211-1) 59-36] 577-4) 231-1] 58-79) 572-2) 220-5) 51-4] 54-0 
52-78] 548-6] 245-6)| 58-72) 541-7) 240-4) 67-34) 575-6) 227-2) 55-15] 576-2) 265-3) 58-32) 572-7| 232-3] 49-4 | 52-3 

Sept. 

wb 

on to bo (ea) 

52-08] 555-0) 217-9] 59-19] 541-6] 210-0) 66-54) 559-3) 207-3) 59-76] 567-3) 233-1|| 56-40) 570-9] 216-1] 49-6 | 52-6 
51-46] 546-8) 207-4|| 59-79] 537-1) 231-3) 69-02) 561-4) 196-8) 60-44| 572-4| 214-9) 56-77| 572-1) 214-1|| 47-2) 51-6 

-32| 556-0) 253-6) 58-62) 541-3) 187-2|| 64-26) 558-7| 179-5|| 59-70) 567-8] 181-2) 57-31) 573-0] 178-7|| 53-0 | 56-4 
52-46] 555-2) 194-0]) 59-48) 537-2) 184-6] 70-33) 560-6) 187-8) 52-57| 613-1) 271-4) 55-93] 574-0) 274-1) 55-8] 59-1 
54-35] 546-8) 215-3]) 59-98) 535-5) 192-3) 65-53) 558-8) 187-8! 59-66] 568-0) 189-8|| 57-98] 573-6) 176-8), 57-3 | 60-3 
53-78] 550-8] 220-3)) 60-99] 543-5) 209-8) 67-34) 557-5, 214-8] 59-70) 566-1] 238-1] 57-88) 568-6) 215-9 SFP oOooana 

iS oo oo bo 

— 

13 || 60-00) 560-0) 169-2|| 68-66} 524.0) 190-9) 74-67| 539-9, 290-9)| 62-35] 597-4| 459-1]) 55-36) 570-0) 332-8) - 
14 || 53-86) 550-5) 241-8)| 58-65) 533-4) 241-5) 62-32) 544-6) 232-9| 58-89] 571-4) 220-3)| 61-09) 576-9] 224-4 
15 || 54-55] 550-2) 233-7|| 57-58) 535-9) 232-3)) 65-27) 552-4) 224-2] 59-59] 562-7) 217-5|| 57-61) 568-3) 216-5 
16 || 50-42) 555-6} 220-5)| 56-52| 540-4) 202-6] 68-34) 555-6) 190-7] 60-60) 567-0) 200-0) 58-32) 571-9) 192-0 
17 || 52-57| 550-8} 209-2) 60-18) 527-8) 221-8) 67-08] 551-0) 220-3) 62-28) 579-6) 261-6|| 54-55) 568-2) 248-0 
18 || 55-49) 553-4) 217-8) 55-63) 533-5) 225-3) 65-49) 545-1) 200-5) 59-14) 562-0) 236-5) 56-94) 570-0) 209-7 

20 || 53-20) 557-3) 201-4) 58-22) 540-4) 219-5|| 64-01] 552-2) 215-1) 57-64) 562-5] 230-0) 55-67) 573-0) 219-6 
21 || 56-90) 561-6) 199-0) 56-70) 543-4) 223.1) 64-19] 555.2) 202-1|| 57-48/ 551-8] 212-6) 57-24) 568-2) 201-1 
22 || 56-13) 560-7} 204-9) 59-83] 544-7| 194-3) 64.69] 557-8) 178-0] 55-29) 559-3| 223-0) 55-56) 572-7| 213-5 
23 || 57-95) 565-5) 176-7] 58-18] 550-3) 177-8] 61-68) 562-9 230-0) 59-09) 572-1] 361-2) 56-38) 559-7| 260-3 
24 || 69-89) 524.3} 26-2) 62-53) 527-8) 171-2) 08-62) 830-02) 428-3) 44-53| 655-1|-358-4|| 58-49) 526-7| 304-1 
25 || 53-04) 513.2) 244.1] 54-05] 510-0, 268-9) 61-65) 519-5] 254-7|| 60-10] 533-3) 225-8) 58-25) 543-8] 236-6 

27 || 52-23) 506-6] 121-7) 48-80) 483-0, 237-2) 55-89) 651-4) 511-6] 61-24] 534.7] 460-0] 56-23) 543-1) 260-7 
28 || 54-79) 530-9) 256-0) 59-46) 517-3) 274-3) 65-89) 528-7, 262-8) 59-26) 543.2| 255-8) 57-05) 554-2) 250-7 
29 || 57-69) 541-8) 247-2) 56-23) 527-1) 246-8) 64-07| 548-2) 245-4)| 64-04) 582-8] 251-4) 52-87) 541-1] 109-9 
30 || 54-95) 537-1) 193-3] 58-85) 535-2) 244-0) 62-48) 548-4) 228-6) 59-97| 552-4) 229-7) 55-19) 556-1| 236-8 

Oct. 1 || 54-68) 549-8] 228-1] 55-49) 537-2, 235-5| 62-20) 537-8 228-6) 61-24) 554-7| 226-4)| 59-93] 562-2| 221.3 
2 || 56:03) 554-4) 215-2) 56-84 541-2 211-1 63-09) 550-6) 206-4) 61-21) 555-6) 231-7) 60-58) 563-0) 238-7 

4 || 53-88) 558-6) 220-5| 54-21) 541-5] 221-0) 63-30] 571-7| 192-8] 59-57) 559-0) 211-2) 57-71) 566-1] 213-1 
5 |) 62-71) 558-1) 220-9) 54-23) 544-7) 210-9) 64-55) 555-0} 196-8) 60-17) 558-8| 217-3) 60-33) 565-5) 243-1 
6 || 52-91) 556-5) 228-2) 56-90| 542-2 209-7 63-06) 542-5) 200-6) 58-32) 559-3] 219-3) 57-32) 564-5) 214.8 
7 || 53-07) 559-0) 218-9)| 55-81] 533-6) 213-9] 64-58] 547-0) 186-8] 58-13) 563-8] 201-5) 56-97| 569-0) 191-2 
8 || 49-68) 558-8) 203-9] 59-39) 542-4) 184-7)) 66-30) 550-8} 174-5) 62-01) 572-0| 204-3) 58-22) 578-7| 229-6 
9 || 57-07| 562-5) 208-6)| 55-67) 537-0 209-4] 64-71] 552-8| 200-9) 60-78} 569-7| 192-1) 58-11) 572-0) 190-5 

11 || 48-63) 556-0) 180-9) 55-74) 537-3) 178-1] 66-79) 553-5) 187-4) 58-52) 565-2) 209-5|| 51-39) 562-0) 216-2 
12 || 51-70) 554-3) 221-9) 58-40) 541-2) 197-5] 66-63) 564-3) 197-6) 59-46) 567-4) 210-4) 45-17) 567-4) 209-9 
13 || 57-07) 557-9} 160-3) 61-56) 527-3) 195-9|| 70-03) 531-3) 289-6|| 57-05) 559-4) 517-3|| 52-10) 559-7] 364-6 
14 | 53-95 545-6) 266-9]| 57-88) 520-4) 269-4) 69-54) 537-9) 276-6)| 60-10) 553-1) 278-5)| 57-44) 557-5) 250-9 
15 || 56-27) 555-5) 228-9) 61-09) 525-0) 254-7] 69-22) 542.3 266-4! 60-96] 557-7] 289-8|| 55-80) 541-6] 262-0 
16 || 64-44) 557-0, 165-2|| 61-27| 529-1) 250-3]) 69-32) 550-6) 254-8) 59-16) 558-0) 282-3) 41-81) 558-6) 270-5 

18 || 57-78 556-6) 190-6) 62-22) 534-0) 193-2) 65-03| 536-6 239-2) 53-88] 567-3| 300-4) 56-72) 561-8) 231-0 
19 || 54-45) 554-0) 201-1) 57-04) 538-2) 200-1|| 67-82) 563-8) 224-0) 61-81} 566-7] 258-2) 56-43) 557-6) 227-4 
20 || 53-20) 552-1) 221-0) 55-33) 532-4) 219-2) 62-48) 542-2) 255-6] 57-91) 555-2) 215-4 57-04) 561-5] 224.3 
21 |) 55-53) 551-3) 219-3] 56-58) 538-2) 236-1] 63-16] 541-6) 207-8] 57-19) 557-4) 236-2) 57-31) 565-7| 219-8 
22 || 53-24) 560-1) 233-2) 54-72) 541-0) 234-3] 66-66) 550-3) 263-7) 58-85) 559-2) 218-4) 56-30) 564-4| 216.2 
23 || 41-20) 506-2) 179-0) 63-20) 541-8} 28-7]) -05-44| 556-9] 256-0) 58-60] 702-3) 495-2|| 39-54| 530-3| 405-2 

25 || 99-86) *344-0| 138-3] 63-81] 505-3) 290-5] 62-72) 602-2: 479-3)| 57-14) 542-5] 551-3) 49-10) 508-8} 110-3 
26 || 53-17) 535-0) 293-8) 57-84) 519-1) 318-3)| 62-55) 531-0) 292-3] 56-94) 542-0) 292-2) 56-79) 549-9) 269-3 
27 || 52-70) 546-3) 267-9) 56-95) 530-2) 270-4)| 63-90] 541-3) 258-5) 58-49) 550-1) 266-8) 57-08) 556-7) 256.4 
28 || 54-92) 550-3) 259-2)| 56-95) 529-1) 272.4) 62-55) 548-3) 269-1] 58-11) 555-0) 257-3) 57-05} 562-0/ 249-1 
29 || 52-57| 558-4) 266-3) 56-23) 537-7) 266-0)| 66-63) 597-7| 284-5] 66-12) 587-1) 284-2) 58-89) 566-5] 353-8 
30 || 53-64) 552-7| 260-7) 57-14) 528-3) 259-1)| 60-77| 548-2) 243-5] 58-53) 557-6] 239-5) 56-87| 562-8/ 237-0 

* Out of field at the lower end. 



Datty OBSERVATIONS OF MAGNETOMETERS DURING NOVEMBER AND DECEMBER, 1847. 7 

Civil Day. 

8 A.M. 11 A.M. 

Decln,| Bifil. | Balce. 

° Cor- | Cor- 

PS ak rected./rected. 

if sc. div. |mic. div 

53-67] 556-4| 230-2) 
55-61} 540-5] 186-0 
56-97] 550-6) 235-1 
57-28) 553-5) 221-3 
54:62) 552-5) 231-2 
54-01) 570-3} 209-2 

52-57] 553-1] 205-6 
53-61] 558-2) 218-4 
54-68) 557-1] 240-3 
54-55) 531-2) 216-8 
53-61) 559-3) 222-0 
56-40) 565-6] 237-9) 

56-67) 561-7) 205-5 
55-36| 564-0) 266-0 
54-35] 554.4) 273-1 
53-61) 561-7| 232-0 
595-70) 561-1) 218-3 
52-53| 559-6] 187-6) 

54-52) 566-7) 203-4 
54-75) 537-5] 226-7 
55-44] 543-3) 236-8 
54-48} 561-6] 191-9 
63-38] 535-4) 174-9 
56-54] 553-8] 242-9 

55:15] 559-8) 234-8) 
54-48} 562-5) 206-7 
53-74) 560-9] 216-3 
54-18) 561-5) 173-4 
54-39) 545-8] 179-8 
54-75] 559-5] 219-2 

56-94] 572-4) 207-9 
54.28] 567-5) 206-3 
54.99] 576-2) 183-4 
56-27| 569-9) 209-0 
55-80 561-1) 243-6 
56-30) 562-4) 173-2 

55-06] 569-3) 196-5 
54-82) 563-3) 192-9 
54-35] 568-8} 195-1 
55:02) 568-3) 193-5 
52-15) 567-5] 174-5 
54-75) 543-0) 219-5 

69-56) 513-9 
55-98] 514-3] 237-9 
53-34] 548-7| 222-9 
53-71] 563-8) 191-8 
54-52) 555-3) 210.0 
54-55) 561-1) 194-7 

86-9 

54-08] 561-1] 195-7 
53-24| 563-3) 193-6 
54-41] 567-3) 186-8 
54-75) 559-4) 197-0 
53-64) 556-2) 205-2 

mDecint Bifil. | Balce. 

9 e a Cor- | Cor- 
rected,/rected. 

f se. div, |mic. div 

62-66) 556-9] 207-8 

58-94) 532-6] 239-0 

59-79] 531-8] 267-8 

59-53] 539-4) 248-1 

57-82) 542-7| 235-5 
58-29) 545-5] 217-8 

58-60] 544-4) 217-4 
56-84) 543-3) 223.3 
56-90) 539-4) 233-9 
57-34] 538-6) 229-6 
54:70 540-7| 240-8 
54-73) 537-9) 562-5 

57-49| 545-5) 215-0 
57-35] 539-9) 234-0 
56-50) 545-3] 260-4 
55-70) 548-5] 239-8 
57:07| 551-4] 219-3 
56-74| 558-1} 200-5 

55-36| 563-5| 206-9 
57-81| 529-7| 26755 
56-81| 537-5| 241-8 
58-65| 540-8) 201-5 
60-74| 550-2| 226-7 
57-07] 541-8| 259-7 

56-84) 546-3] 236-5 
55-78] 556-8) 190-4 
59-61) 552-0} 202-3 
55-89} 562-3} 195-5 
57-51} 552-2) 211-9 
54-95] 556-7) 214-7 

54-21] 553-0) 224.4 
53-56) 557-4| 210-0 
56-43) 554-7) 208-5 
57-17] 545-9} 223-9 
57-48] 553-4) 199-1 
58-49) 541-5] 209-6 

55-76) 552-3} 203-5 
56-77] 555-2) 194-2) 
55-53] 559-9} 199-6 
54-86] 562-1} 197-1 
58:70} 557-9] 196-9 
55-76) 549-2) 226-0 

16-65) 516-6] 532-5 
56-57| 536-6) 229-3 
53-71) 548-0) 228-1 
56-01] 545-2) 194-7 
55-73] 551-5) 186-9 
55-74| 549-9) 182-6 

57-04) 557-5) 190-2 
56-00} 553-0] 187-7 
54-99) 564-5) 177-2 
55-96] 545-6) 204-8 
56-47| 554-9) 182-4 

2 P/M. 

Bifil. 
Cor- 

rected. 

se. div. 

579-3 

542-8 

543-5 

546-3 

547°5 

544-0) 

549-1 
551-7 
552-7 
551-1 
544-9 
559°8 

550-6 
555-1 
553-3 
558-8 
561-8 
549-4 

568-3 
548-1 
549-8 
570-7 
580-7 
645-4 

554-6 
096-9 
561-6 
567-4 
558-4 
539-9 

559-0 
561:3 
556°5 
559-1 
555:9 

Balce. 

Cor- 

rected. 

mic. div 

245-8 

250-8 
294.3 

253-7 
245-9 

222-0 

247-4 
250-4 
244-7 
239-6 
250-5 
259-7 

222-7 
198:3 
255-4 
242-8 
213-8 
250-1 

212-2 
280-7 
240-0 
235-0 
362-6 
265:3 

228-4 
196-5 
214-6 
198-8 
209-6 
239-5) 

223-7 
197-1 
243-1 
218-1 
209-1 

550-0 

561-3 
566-3 
562-1 
562-9 
573-4 
527-5 

256-0 

190-7 
200-5 
194-0 
193-6 

715-8 
537-3 
552-2 
553-9 
554-8 
555:9 

560-0 
556-7 
563-3 
593-3 
556-7 

5 P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.|rected. 

se, diy. |mic, div 

555-6) 344-6 

552-9) 246-7 

550-3} 293-2 

558-3] 246-5 

559-6] 228-3 

561-7) 239-0) 

560-9] 257-9 
559-2) 251-0) 
551-1] 337-6) 
556-6} 246-2 
558-6} 243-4 
553-5) 291-7 

556-5] 252-0 
567-6) 282-1 
559-4| 249.2 
566-9) 235-5 
568-5} 205-0 
559-5] 222-2 

606-8] 214-2 
555-1} 246-3 
554-5] 245-8 
576-7| 269-0 
548-8] 310-4 
558-2) 288-6 

568-1) 229-4 
565-8} 206-4 
570-3) 209-7 
568-6] 200-6 
559-4) 285.2 
558-3] 281-5 

562.5) 223-8 
568-1] 207-9 
565-5} 288-0 
554-6] 257-9 
558-3] 245-8 
562-0} 252-0 

550-7) 233-6 
566-6) 227-1 
569-0] 202-7 
572-9) 191-1 
348-+| 977-0 
553-9] 276-4 

734-1) 389-7 
541-2) 242-8 
553-4| 232-9 
561-3] 233-7 
561-3} 209-4 
560-5) 198-0) 

561-2) 196-8 
566-7| 203-0 
562-7) 202-7 
561-4) 199-1 
563-3} 187-3 

8 P.M. 

Bifil. | Balce. 

Cor- | Cor- 
rected.|rected. 

se. div. |mic. div 

556-8] 293-7 
559-3| 237-5 
563-2) 266-7 
558-9] 243-6 
564-9) 217-1 
565-7 

| 

552-4 
562.2 
554-5 
562-0 
568-1 
558-0 

565-8 
548-8} « 
564-6 
567-5 
569-8 
563-4 

612-3 
546-1 
559-6 
560-4 
553-9 
584-3 

564-6 
563-4 
578-5 
558-3 
559-7 
560-9 

565-6 
569-3 
566-2 
569-7 
549-0 
562-5 

569-0 
559-0 
569-8 
575-4 

720°+ 

532-0 

563-9 
543-5 
554-4| 221-8 
560-6} 223-9 
557-6] 221-4 
561-2| 201-9 

563-9) 196-2 
567-0) 190-8 
618-6) 243.0 
563-7| 208-0 
568-2) 193-1 

Temperature 
of Bifilar and 

Balance. 



8 DaILy OBSERVATIONS OF MAGNETOMETERS, J ANUARY—APRIL, 1848. 

Gottingen Temperature} Gottingen Temperat 

Mean 1] a.m. 5 P.M. of Bifilar and 11 aM, 5 P.M. of Bifilar and} 
Time. Balance. Balance. 

Bifil. | Balce. Bifil. | Balce. Bifil. | Balce. Bifil. | Balce. 

Civil Day. “on Cor- | Cor- eae Cor- | Cor- |[11 a.m./5 p.at.| Civil Day. oe Cor- | Cor- oe Cor- | Cor- |/11 a.a|6 paar, 
rected.| rected. rected.|rected. '|rected.|rected. rected.|rected. 

iM sc. div. |mic. div|| ” se. div. |mic. div a 2 @ se. div. |mic. div]| / se. diy. |mic. div ° ° 

1 || 57-31) 557-3] 182-7|| 59-91] 557°3| 197-3} 33-0 | 33-8 56-50) 554-4) 201-3]) 55-36) 568-6] 209-9) 41-1 41-9) 

2 || 53-00) 522-3) 204.6)| 55-76) 564-3] 207-6]| 39-8 |40-9 

3 || 54-83] 560-3) 168-8] 57-44| 567-6] ->---- || 40-6 | 46-8 3 || 53-54) 552-5) 195-4|| 56-90] 569-6] 198-6)| 39-3 |42.9 

4 || 58-89] 562-4) 249-2) 60-17| 556-1 270-3] 45-6 | 46-9 4 || 54-62) 553-4) 211-2) 57-31) 558-3] 207-2|| 37-5 |40.4 

5 || 56-18] 556-1] 203-7) 56-87| 558-9] 212-1) 44-0 | 43.2 

6 || 55-68] 554-3) 228-7] 57-31) 566-9) ----+- 36-3 | 37-3 6 || 54-15) 554-7) 190-9|| 54-01) 561-8] 205-4) 39.4 |40.2 

7 || 57-99) 559-8) -«----- 59-91| 557-8) «+++ 36:1 | 36-5 7 || 54-82] 545-3) 195-2)! 58-18] 573-5| 210-9) 39-3 141.5 

8 || 53-25] 556-8) «+--+. 56-78] 558-0) +--+. 34-4 | 32-5 8 || 53-54) 544-5) 186-9] 59-86) 586.5] 231-0) 40-8 |45.1 

9 || 54-48) 538-7) 183-6] 57-71) 571-8] 196-5)| 44-9 |48.1 

10 || 57-35] 558-7] «+++ 56-68] 561-6) «+--+ 32-3 | 32-1] - 10 || 52-26) 547-0) 183-0] 57-04) 566-7| 189-1] 42-9 |45.6 

11 || 56-28) 554-3) ..---- 57-39) 564-2) ------ 32-3 | 33-9 11 || 53-07) 553-3} 228-9] 55.42) 572.8) 188-5] 41-8 |49.3 
12 || 59-00] 560-4) ------ 58-70| 604-7] ------ 37-2 | 40-1 

13 || 58-90} 550-1] ------ 53-45] 557-3) +--+ 41-3 | 42-3 13 || 53-61] 526-7) 186-2) 57-37] 573-0) 186-9]| 37-8 |42.2 

14 || 57-10} 550-2) «.---. 54-82) 570-5] «+--+. 38:8 | 39-9 14 || 52-67| 558-0) 180-5|| 58-72] 573-0) 187-5|| 37-2 |41-9 
15 || 58-72] 546-5] --.... 57-68] 560-9] ------ 38-7 | 39-2 15 || 60-13) 544-2) 189-7] 56-50) 566-5] 265-3)| 41-9 |46.3 

16 || 60-40} 550-7| 183-0] 53-81) 569-6] 196-6|| 41-9 |42.9 

17 | 57-04] 538-4] ....-. 56-70) 552-9) «++ +e 37-8 | 38-1 17 || 62-82] 525-5) 204.-5|| 59-06] 635-4] 320-1] 41-0 |41.4 

18 || 54-30] 548.2) .-.... 56-73] 566-8) «++... 34.7 | 35.4 18 || 55-89) 532-8) 204.3]| 57-58] 559-7| 203-2)! 40-5 43-5] 
19 || 53-93] 548-0] ..-... || 55-63] 577-8] «-.--- 32-7 | 34-5 ! 

20 || 56-70) 549-5) ----- | 53-38 553-4] «eee 29-7 | 31-0 20 || 57-84| 537-4] 229-1] 43-85] 658-3] 356-8)| 38-1 |42.7| 
91 || 58-38] 552-1] «..... | 56-30 Ey Giliesd| leslete lover 29-4 | 30-2 21 || 56-50] 542-0) 195-1]| 60-33] 560-9) 228-5)| 38-1 |40-3] 

22 || 53-20) 552-8} --.... | 56-30] 563-6) -.---. 30-6 | 31-3 22 || 53-61) 545-7] 196-8] 54-82) 562-9] 198-4)) 37-2 143.7]. 
23 || 54-89] 539-8] 197-8] 54-89] 567-0] 190-2|| 45-2 |48.0 

24 || 61-07} 540-6} ..-... | 63-84 Bi7/1153}| Saapec 31-7 | 32-2 24 || 59-93) 538-6] 176-8] 58-32] 560-8] 200-8] 46-4 |50-4] 

95 || 57-51) 542°1) «..... 57-91| 558-5) --.... 31-2 | 32-7 25 || 61-21) 526-0} 190-4]] 63-09] 561-4] 286-8] 45-6 148-2] 

26 || 57-04] 548-1] ...... 57-91) 562-6] .-..-- 30-8 | 32-5 | 
97 || 56-16] 547-4] 209.1]| 58-99] 559-1) 209-3]| 32-4 | 34-0 27 || 56-10) 538-9] 187-4|] 54-15] 568-3] 195-4|| 38-6 47-0] 
28 || 55-96] 549-3] 176-5] 61-21] 593-0) 182-3)) 30-8 | 31-5 28 || 54-15] 539-5! 169-0) 56-23) 576-6] 192-6| 45-2 146.3] 

99 || 72-72) 540-5] 166-0] 56-77| 551-3] 215-8]| 20-6 | 21-0 29 || 53-95] 541-8] 180-1] 54-35) 566-2] 185-0) 43-5 147-5] 
30 || 52-33] 539-1) 184-7] 57-58] 573-5) 178-0] 43-3 |49.3 

31 || 55-56) 541-6) 210-4|| 57-10] 560-3) 197-3) 30-4 | 34-5 31 || 55-70) 534-6) 176-3] 62-15] 583-0) 212-4)| 48-4 153.9 

Feb. 1 || 54-41] 562-5) 201-4|| 56-63] 563-9] 197-0] 29-5 | 34-3] April 1 || 55-15] 546-5) 182-6|| 55-89] 568-2] 181-1)! 46-9 |52.7 
2 || 54-62) 550-7] 190-4|| 55-70) 562-6] 196-4)| 36-0 | 39-0 

2 SET OU nbs oaalie al (Sia Re (ie alee 3 | 57-84] 529-5] 198-8| 58-58] 590-4| 253-4] 54-5 60-4] 
4 || 54-21) 556-3] 190-6] 56-03) 565-0] 198-0] 43-3 | 45-6 4 || 53-81| 536-0] 192-4l| 58-45] 587-2] 223-8] 53-8 re 

5 || 52-40) 554-8] 188-9] 56-10) 568-3) 193-9) 47-8 | 49-6 : : i 8 (57-0) 
5 || 50-38] 533-8] 187-0] 57-91| 565-3) 210-3) 50-7 151-3] 

6 || 58-11) 530-8] 199-4|| 59-53] 560-3] 230.2) 42-8 |45.4] 

7 || 52-26] 551-3] 190-0|| 58-72) 563-7| 198-6) 38-7 | 40-6 7 || 60-00) 511-0] 173-0|| 61-95] 576-6] 281-3]| 41-4 |46.5] 

8 || 56-23] 553-5) 195-5]| 53-95] 558-4] 231-5]) 40-9 | 42-0 8 || 56-70) 522-5) 190-1} 56-70) 561-1) 194-4] 41-0 |44.1 

9 58-32) 556-1] 190-2|| 54-62| 561-5] 243-8) 43.8 | 45-5 
10 |) 54-08) 550-1] 205-5] 57-84| 564-3/ 208.9) 42.3 | 43-4 * : i 
11 || 52-94] 552-8] 193-2| 57-37| 564-3| 205.2] 38-4|41-6] 10 | 22-20) 542-8) 188-2) 54-89) 565-3) 192-8) 37-7 ae 

: ? 11 || 53-61) 547-2| 183-5] 54-15] 569-9] 187-6] 38:5 |44.7 12 || 53-61) 558-2| 194-2] 57-78] 563-8] 199.9] 38-2 | 40-6 42. || 51-66 $47.11 18728 57-24\(se0.01 desec| Rel 

13 || 50-72) 548.7| 181-2\| 54-01| 578-9] 173-9|] 42.4 147.4 
14 || 53-61] 554-9] 197-3] 59-66| 574-5] 186-3]| 45-2| 46-6 14 || 52-26) 551-6| 182-5] 56-70] 572-2] 177-7|| 41-6 |45-7. 
15 || 55-96| 551-0| 189-8|| 59-06] 572-3| 208-8] 42-4 | 42.8 15 || 51-32) 549-5] 171-8] 58-58) 582-6] 183-3] 39-8 [43-7 
16 || 54-62] 550-1| 195-3|| 56-37| 564-4| 203-0] 38-8 | 39-1 
17 || 54-41] 551-6] 186-6|| 56-97] 568-5] 198-1] 35-3 | 39-9 
18 || 52-33] 549-9] 215-3] 56-63| 571-2] 200-3]| 37-0 | 36-5 
19 || 55-09] 549-1| 192-2|| 62.35] 578-6] 211-6|) 38-7 | 43-0 

17 || 53-61) 545-7| 179-2|| 57-04| 582-6] 187-0] 48-7 54-0] 
18 || 52-60 545-3) 180-9] 55-09] 567-3] 184-4|| 49-5 [53-41 

19 || 54-48) 544-8) 176-6) 57-84) 573-2) 183-8] 48-9 |49-7) 
20 || 52-13) 545.5) 183-6] 56-37) 577-5| 168-1\| 47-5 |51-01 

21 || 48-50] 456-1) 184-9] 60-53) 542-1) 252.6|| 37-8 | 39-5 21 || 53-88) 553-9) 166-2|| 58-65] 599-5) 194-1|| 48-3 |49-1) 
22 || 49-98}'559-9| 218.2) 61-41) 554-9) 225.3] 36-8 | 39-5 22 || 54-82) 557-5) 151-2)| 59-06] 566-2) 205-7) 48-0 |49-0 b 
23 || 56-70) 545-4) 219-5|| 51-99) 565-1) 246-8] 40-8 | 44-0 | a 

4 ci e | 

24 | 57-04 516-6) 203-1) 60-87) 616-1) 390-1) 30-3 | 89-2) 94 | 52-94) 550-3] 183-2| 57-44| 566-3] 190-5] 45.0/490) 
29 461-21) 205-0122 73) 0.042076 227) Se eee 25 || 50-04| 549.3] 185-9] 55-63] 569-2| 185-5|| 46-2 148-2) 96 || 53-41) 546-31 202-4| 56-63] 554-3| 215-3] 41-7 | 42-4 2 

26 || 53-61) 548-5) 161-3|| 54-08] 571-8] 170-1] 43-9 |46 
27 || 53-67) 547-3) 166-4) 55-09] 577-8) 166-5) 42-5 |47 | 

28 ,|| 56-70) 553-4) 196-3)| 57-84] 558-0} 204.5] 41-9 | 46-1 28 || 51-66] 555-0) 162-6) 56-97| 575-2| 169-2) 42-8 |45-6) 
29 || 59-06) 549-7| 197-5|| 56-57| 564-2) 202-9) 41-2 | 43-0 29 | 57-91) 553.3] 155-6) 58-25] 596-5] 255-9] 42-4 |47-8} 



DaILy OBSERVATIONS OF MAGNETOMETERS, May—Avaust, 1848. 

Temperature| Gottingen Temperature 
11 a.m. 5 P.M. of Bifilarand}| Mean 11 aM. 5 P.M. of Bifilar and 

Balance. Time. Balance. 

Bifil. | Balce. Bifil. | Balce. Bifil. | Balce. Bifil. | Balce. 
Cor- | Cor- oa Cor- | Cor- ||11 4.m./5 p.m, Civil Day. aden Gor.’ | Gor- ee Cor- | Cor- |11 a.m.[5 p.m. 

rected.| rected. rected.|rected. rected./rected. rected.|rected. 

sc. div. |mic. div ’ sec. div. |mic. div 2 S - se. div, |mic. div v se. diy. |mic. div 2 

550-7 172-6 52-67| 579-8] 186-4|| 45-0 | 53-7 July 1 |) 51-52) 544-7) 168-7) 55-36) 584-9) 190-1|| 55-0 |58-2 

551-6] 166-7|| 55-70) 576-9) 176-1}; 49-1 | 54-5 ' 

547-9] 153-1|| 56-57) 586-7] 205-3)| 51-5 | 59-7 3 || 47-69] 548-4| 169-1|| 57-71| 597-0) 168-9]| 56-4 61-3 

559-0) 162-8] 57-78] 597-2) 169-2|| 56-0 | 63-7 4 || 51-46) 545-1] 179-3|| 56-77| 575-8] 223-4] 56-7 |61-4 

553-3] 173-3)| 54-08) 571-5] 175-1)| 58-2 | 65-0 5 || 48-36] 558-5| 167-8|| 56-37] 604-4) 211-0|| 57-6 |65-0 

542.5] 157-5] 56-70) 579-4) 166-6|| 59-0 | 62-9 6 || 51-86] 543-9) 178-2] 55-36] 569-7) 168-1|| 63-0 |65-3 

7 || 47-56) 544-6] 166-0]| 54-01] 581-0) 171-9|| 64-9 |66-7 

545-5] 157-9)] 62-22) 601-8) 265-7|| 54-1 | 58-5 8 || 49-71] 545-0, 172-5] 52-94] 582-9) 173-7|| 61-4 |63-1 

544-8] 152-4) 53-14) 576-6) 178-6|| 52-7 | 59-6 

555-6] 145-9) 62-42) 604-4) 173-1]| 54-7 | 62-2 10 || 52-87| 559-1] 148-3] 53-61] 579-5) 177-6|| 60-7 |64-5 

545-9] 169-1|| 55-29, 571-8) 181-5|) 58-0] 65-1 11 || 72-98) 554-2) 178-5] 57-58] 618-0) 371-1|| 61-1 |68-5 

553-6] 162-8) 56-10, 573-0) 170-7)| 59-6 | 62-4 12 |) 58-65| 529-4! 200-0) 63-16] 617-5) 286-8|| 67-5 |73-9 

548-5] 160-4|| 55.76) 576-1) 170-6)| 60-4 | 68-1 13 || 51-39) 532-9] 203-7) 52-87| 616-3) 197-0|| 70-1 |76-3 

14 || 50-58] 547-0] 180-3) 58-05] 663-9] 333-4|| 69-8 |71-1 

562-3| 149-9]] 54.68] 578-9] 164-1] 54-9 | 58-7 15 || 50-51) 544-4) 213-8] 55-42) 578-0) 188-0|| 63-3 |68-8 

551-4! 151-6/| 53-88] 593-9] 187-6|| 57-4 | 61-9 
545-6) 153-5|| 61-07) 610-6) 177-8]| 57-9 | 61-7 17 || 51-19] 547-9] 176-5]| 55-36] 580-6] 193-9|| 64-3 |65-4 

543-4) 137-9] 57-31) 568-4) 160-6)| 58-0 | 60-5 18 || 50-72) 546-8] 185-3] 56-57) 578-5) 201-7|| 62-3 |64-1 

550-1] 176-8] 55-63) 606-2) 225.1] 54.0] 57-8 19 || 50-25] 541-3] 165-3]| 57-84] 572-0] 195-7|| 61-4 |64-8 

527-1] 186-3)| 54-21) 579-8] 197-9]| 56-1 | 60-1 20 || 46-41) 545-3) 197-6]| 54-62] 567-0] 186-8] 61-9 |64-3 

21 || 50-51) 543-2) 181-9] 56-97] 577-4] 190-0|| 56-4 |60-7 

540-7| 167-0) 53-54) 580-2) 178-8|| 56-7 | 64-8 22 || 47-82) 546-3] 180-9]] 54-01| 575-9] 175-5|| 58-0 |62-1 

548-7] 162-0] 56-90) 574-1) 165-6|| 61-8 | 67-9 
553-6] 157-2\| 60-27| 570-5] 164-7|| 63-6 | 66-0 24 || 50-18] 533-5] 190-7] 53-67| 574-0) 200-4|| 59-0 |63-0 

548.8] 167-0] 56-77| 565-8) 167-5)| 60-0 | 65-0 25 || 47-22) 546-9] 188-8]| 52-73] 579-9] 191-4|| 60-6 |63-9 

546-0 160-8]| 54-75| 573-4) 161-4|| 58-7 | 60-6 26 || 47-89] 528-8 198-7|| 54-28] 570-9) 191-9]| 58-9 \64-2 

554-2) 135-3]| 58-11] 589-4] 236-2) 57-4 | 60-6 27 || 51-39) 545-0) 185-4|| 53-41] 569-8) 193-7]| 60-6 |63-6 

28 || 50-51) 544.2) 190-2] 54-48] 577-6] 178-0|| 59-2 |64-2 

545-5| 150-8|| 55-02) 579-0) 184-6]| 56.2 | 59-6 29 || 48-03) 543-6] 178-5) 57-78] 587-0) 218-5|| 58-9 |65-8 
552-1| 169-2! 54-35) 581-5] 167-6]| 56-5 | 60-2 ; 
542-7| 158-5|| 60-80] 586-2) 178-3]| 55-8 | 56-6 31 || 51-12) 545-7} 189-3)| 52-73) 579-9] 195-7]| 62-1 |66-4 
547-9] 168-4|| 57-17) 551-4] 184-0]) 53.3 | 56-8 Aug. 1 || 49-64) 539-2) 190-7) 57-04] 586-3] 185-8|| 60-8 |64-8 

545-0] 161-1|| 55-36) 579-6] 170-7|| 54.9 | 58-6 2 || 53-67| 553-6] 178-4|| 56-84) 580-4! 188-9]) 59-9 |63-5 
540-9] 169-0|| 57-37) 581-1) 164-2)| 55.7) 57-7 3 || 48-43) 546-4) 181-8] 53-81] 579-2) 189-6|| 57-5 |62-6 

4 || 50-92) 546-5] 170-7|| 54-68] 582-8) 197-5|| 54-6 |59-7 

542.5] 172-0|| 56-63) 575-4) 169-6] 53-5 | 58-2 5 || 56-97| 555-6] 173-9)| 55-02) 577-3) 188-5|| 55-3 |61-2 

550-2] 149-9]| 56-37] 579-9] 167-3] 55-2| 58-9 
549-8] 151-9|| 55.63) 582-1) 159-7|| 55-6 | 58-9 7 || 52-67| 547-0) 177-7)| 51-99| 574-8] 181-1] 59-1 |63-0 

550-6) 156-0} 55-15) 586-9} 158-1] 55-0 | 59-3 8 || 49-71) 542-5) 171-5] 52-73] 602-8) 189-5|| 56-8 |60-6 

553-5) 159-2) 56-10) 582-5) 153-9] 54.8 | 57-5 9 || 56-37) 545-3] 175-8] 52-06] 575-4] 202-2|| 56-0 |60-0 

553-9) 139-7|| 54.35) 585-6) 152-2)) 54.7 | 59-2 10 || 50-92) 547-9] 182-5)| 54-08] 575-5) 187-7|| 56-6 |60-4 

11 || 50-04) 543-3] 185-3] 53-41] 584-2) 182-0|| 56-1 |60-3 

547-0] 143-5] 53-74) 585-3) 158-8] 54.1 | 58-9 12 || 55-70] 549-8) 163-5|| 52-20) 568-8] 190-3]) 56-5 |63-1 

555-0) 158-3] 55-02) 578-2) 167-8] 55-9 | 56-4 

554-4) 151-4) 56-84) 603-8] 182-5]| 54-1 | 57-7 14 || 54-62) 550-9) 180-1]] 52-06} 578-1] 182-2|| 51-4 |57-7 

551-2) 161-6]| 55-29) 581-7| 176-8|| 57-0 | 63-7 15 || 52-33) 547-2) 167-9]] 53-14) 575-6] 186-6]| 53-2 |57-6 

546-5) 152-9|| 55-83) 582-2) 165-0]| 61-2 | 65-9 16 || 50-11] 541-4) 175-3) 53-95] 579-8) 184-6] 54-1 |58-5 

551-9] 157-2]| 54.55) 576-1) 165-5|| 61-0 | 61-8 17 || 49-91) 550-5] 169-5|| 55-09) 580-3] 173-7|| 57-2 |59-6 

18 || 53-47| 541-8) 155-7|| 53-88] 584-1] 181-3]] 55-1 |62-0 

etal aes el earcaleaaciueaioll s0-8 | 6a 19 | 49-44) 547-2) 162-8] 54-48| 596-8] 177-2|) 59-2 |61-8 

Eo 141-8) 55-83) 579-1) 152-4) 59-7 | 67-4 21 || 47-08| 551-4] 168-5|| 56-50] 601-3| 172-4] 55-1 [56-4 
-2) 157-2|| 57-51) 582-7| 171-0|| 65-9 | 72-4 22 || 54-82) 556-2) 170-4) 52-20) 593-6) 209-2) 53-5 155-5 

537-1] 154-7|| 54-28) 598-5) 190-6|| 67-6 | 72-3 23 || 49-51) 549-1] 178-1] 51-86 583-3 199-7|| 53-1 |55-9 
549-0) 166-5|| 54-89] 574-6] 177-6] 63-1 | 65-9 oa || 46-88 456 1818 ; nage : yale 
556-8) 162-1| 53-07| 580-3) 172-0|| 60-6 | 62-0 bel aeevellceyee|eornallacemell cress 

25 || 49-57) 548-1] 176-6] 53-41] 572-7| 182-6|| 50-0 |57-8 

26 || 54-89) 544-2) 159-7|| 49-24) 579-4) 180-8]) 55-9 |58-5 

559-0) 165-0]! 54-62) 576-0) 160-5|| 56-3 | 63-4 
547-9] 175-0|| 55-09] 583-2) 169-0|| 60-9 | 63-3 28 || 49-98) 548-0) 166-0) 53-41] 572-5) 201-8) 60-1 |63-2 

551-9] 155-2) 54-89) 586-2) 163-5|| 61-1 | 65:3 29 || 55-96) 529-2) 162-3)| 55-29] 588-0] 193-0] 58-9 |62-7 

548-0] 157-1] 55-49) 587-6] 163-0|| 61-4 | 65-9 30 || 52-06) 549-8) 172-7) 51-39) 576-8) 178-6|| 56-7 |61-6 

548-6] 167-7] 55-70) 573-4| 185-6|| 61-0 | 63-0 31 || 52-67| 551-7| 168-1) 54-01) 582-6) 171-5|| 55-6 |59>7 

Cc 



DaILy OBSERVATIONS OF MAGNETOMETERS, SEPTEMBER—DECEMBER, 1848. 

Decln. 

“| 24° + 

55-22 
51-39 

58-45 
53-34 
54:41 
52-13 
49-24 
54-75 

53-47 
46-48 
50-38 
50-72 
51-19 
51-12 

53:54 
51-66 
50-78 
49-17 
49:51 
47-02 

47-22 
46-34 
54-55 
46-14 
48-83 
50-25 

46-14 
47-42 
46-75 
48-43 
46-55 
47-35 

47-62 
45-34 
47-35 
53-54 
53-20 
54-21 

45-81 
53-07 
47-56 
42-84 
48-77 
51-05 

51:19 
51-59 
53-00 
57-91 
52-33 
50-11 

48-70 
52-26 

11 A.M. 

Bifil. 
Cor- 

sc. div. 

rected. 

552-2 
551-2 

543-5 
543-5 
553-0 
547-2 
562-8 
541-4 

546-2 
548-8 
544-9 
542-9 
540-6 
548-0 

Balce. 
Cor- 

rected, 

mic. div 

169-8 

170-8 

169-7 
180-0 
174-3 
178-5 
162-5 
171-4 

176-5 
174-7 
175-7 
165-5 
171-9 
170-1 

164-7 
176-2 
173-5 
171-5 
169-6 
174:3 

172-9 
166-3 

Decln. 

24° + 

5 P.M. 

Bifil, 
Cor- 

rected. 

se. div. 

576-3 

575-6 

574:3 
566-1 
571-8 
582-5 
579-3 
578-4 

568-7 
568-6 
568-2 
080-4 
579-4 
575-2 

572-4 
570-7 
573-9 
575-5 
569-5 
572-5 

575-5 
571-3 
574-7 
577:8 
570-2 
576-6 

572-7 
571-8 
573-2 
566-8 
572:5 
575-6 

568:8 
572-5 
571-6 
569-1 
568-8 
567-5 

571-7 
583-3 
612-5 
560-4 
589-1 
564-9 

697-4 
559-6 
585-4 
568-9 
590-6 
563-1 

569-9 
586-7 

Balce. 

Cor- 
rected. 

mic. div 

190-0 

187-4 

216-3 
1814 
179-9 
192-4 
164-5 
304-1 

173-2 
170-7 
164-8 
165-2 
165-5 
163-0 

203-8 
174-4 
170-9 
174-5 
160-1 
164-8 

171-2 
159-6 
165-2 
160-3 
169-8 
183-9 

201-3 
167-4 
167-8 
162-5 
169-4 
161-8 

162-8 
160-4 
164-1 
137-7 
180-7 
188-7 

163-8 
185-9 
273-2 
222-4 
210-4 
178-6 

367-0 
208-7 
358-9 
257-5 
225-3 
200-1 

278-3 
222-5 

Temperature| Gottingen 
of Bifilar and} Mean 

Balance. Time, 

11 a.M,|5 P.M.} Civil Day. 

52-7 |57-2| Nov. 1 
56:3 | 62-0 2 

3 
59-9 | 65-6 4 
56-9 | 65-5 
62-6 | 64-3 6 
59-6 | 61-4 7 
58-7 | 62:3 8 
56-0 | 57-6 9 

10 
49.6 | 52-7 11 
46:5 | 52-2 
48-7 | 52-3 13 
51-8 | 55-8 14 
48.9 | 57-2 15 
59-0 | 63-0 16 

hye 

52.0 | 58-5 18 
50-2| 56-5 
54-6 | 59-9 20 
53-3 | 59-7 21 
56-2 | 60-8 92 
56-6 | 62-0 23 

24 
54-5 | 55-5 25 
54-5 | 57-0 
54-0 | 54-5 27, 
52-7 | 53-1 28 
50-7 | 52-2 29 
53-6 | 54-8 30 

Dec. 1 
53-1 | 56-2 2 
54-6 | 59-0 
56-2 | 59-2 4 
57-6 | 60-5 5 
59-3 | 62-6 6 
54.7 | 59-7 7 

8 
53-5 | 55-6 9 
51-9 | 54-0 
50-7 | 52-2 il 
48-5 | 50-5 12 
47-6 | 51-4 13 
48-4 | 51-4 14 

15 
48-8 | 49.2 16 
44-7 | 45-1 
38-0 | 39-1 
38-0 | 41-4 io 
36-5 | 43-0 eA 
40-1 | 43-7 = 

43-4 | 47-0 BS 
46-4 | 50-7 
43-5 | 45-5 
42-2 | 46-9 25 
44.9 | 47-8 26 
45-6 | 49-5 27 

28 
41-3 | 42-8 99 
43-4 | 43-8 30 

Decln. 

24° + 

49-10 
49-91 
48-90 
50-18 

49-98 
46-55 
48-63 
49-17 
50-18 
51-93 

52-33 
51-86 
51-66 
48-97 
50-18 
51-93 

56-16 
47-82 
51-19 
48-43 
47-62 
51-19 

60-13 
51-39 
48-50 
48-09 
50-04 
49-24 

47-29 
46-95 
55-09 
48-63 
53-20 
50-98 

49-24 
50-51 
48-23 
51-52 
46-68 
48-56 

48-77 
47-08 
48-23 
52-33 
48-36 
50-85 

48-77 
52-46 
47-62 
46-68 
48-77 
47-42 

11 a.m. 

rected.| rected. 

Bifil. | Balce. 
Cor- | Cor- 

sc. div. |mic. div 

545-6) 177-6 
551-7) 177-3 
554-5) 171-9 
560-2) 180-6 

566-7 
571-8 
565-7 
571-3 
560-2 
559-0 

169-7 
167-2 
165-4 
153-4 
163-1 
156-9 

563-5 
567-6 
558-8 
553-6 
512-7 

157-0 
159-3 
161-1 
165-4 
163-3 

536-8) 219-5 

542-2 
564-7 
571-1 
561-8 
558-1 
561-6 

196-3 
180-5 
188-9 
197-8 
187-3 
186-9 

504-6 
547-0 
560-6 
563-0 
56-85 
565-7 

212-0 
191-5 
183-8 
181-8 
175-4 
163-3 

171-9 
169-4 
171-1 
178-1 
172-1 
185-7 

569-1 
563-3 
559-9 
560-0 
564-2 
564:7 

56-10 
559-8 
559-9 
564-7 
560-2 
569-3 

169-9 
175-5 
172-8 
164-3 
175-0 
174-9 

551°5 
561-3 
561-9 
555-3 
555-6 
564-9 

196-6 
172-4 
179-4 
177-2 
180-3 
174-2 

177-9 
171-1 
177-7 
177-5 
232-4 
177-5 

569-3 
536-4 
562-3 
557-3 
558-5 
559-1 

5 P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.|rected 

se. div. 

569-7 
569-6 
572-9 
575-2 

575-5 
576-7 
578-0 
580-5 
583-5 
570-4 

575-5 
568-7 
569-1 
570-1 
605-3 
561-7 

569-1 
586-9 
559-1 
578-8 
579-1 
566-1 

548-9 
572-9 
570-1 
566-7 
572-2 
572-6 

571-7 
572-9 
565-8 
569-6 
571-5 
558-9 

570-6 
569-0 
564:3 
573-6 
567-4 
572-9 

563-2 
569-7 
571-3 
556-7 
552-5 
577-9 

591-8 
579:3 
581-7 
576-1 

49-10) 579-7 
51-32) 574-2 

mic. div 

184-1 

169-1 

168-1 

169-9 

177-6 
164-2 
165-4 
196-1 
184-6 
196-7 

186-0 

183-1 

1 

Temperature 
of Bifilar and 

Balance. 

11 a.M.|5 P.M. 

42-7 |45-3 
42-7 |46-3 
42-2 |41-4 
35-7 |36-7 

38-3 |42-4 
38-6 |41-1 
36-9 |37-8 
35-3 |37°8 
35-2 |37-7 
39-6 |41-3 

35-6 
38-7 |40-7 
38-2 |40-6 
40-4 |43-9 
44-3 |46-0 
43-7 |44-1 

37-9 

45-6 |47-7 
45-1 |46-0 
42-7 |43-8 
41-9 |43-5 
40-1 |42-0 
36-7 |37-9 

45-4 |47-8 
47-1 |48-1 
48-4 |48-3 
44-4 |44-9 
40-8 |41-6 
37-7 |39-9 

42.4 143-4] 
40-5 |40-8 
36-9 |36-6 
35-5 |35-8| 
35-0 |40-9 
44.5 [47-2 

49-6 |50-6 
47-4 |47-7 
51-1 [51-8 
51-2 |50-7 
46-7 |46-3 | 
43-5 [43-5] 

38-5 |39-6: 
41-9 /42-7 | 
42-1 |41-9 
35-1 [35-5] 
30-0 [31-0] 
30-5 /33-0] 

HE 
37-3 |39-5| 



DaAILty OBSERVATIONS OF MAGNETOMETERS, J ANUARY—APRIL, 1849. 1 

Gittingen Temperature] Gottingen Temperature 
Mean 11 a.m. 5 P.M. of Bifilarand| Mean 11 A.M. 5 P.M. of Bifilar and 
Time. Balance. Time. Balance, 

Decln,| Bifil. | Balce-|) Decin,| Bifil. | Balce. Decln.| Bifil. | Balce.|| pegjn,| Bifil. | Balce. 
Civil Day. } Cor- | Cor- G Cor- | Cor- |j11 4.M.|5 P.m.| Civil Day. ° Cor- | Cor- ° Cor- | Cor- |j114.M.|5 P.m 

240+ rected.| rected. 2° + rected.|rected. 24° + rected.|rected. 24°+ rected.| rected. 

i sc. div.|mic.div|} ” sc. div.|mic. div|| ° S. 

49-71) 551-2| 174-7] 49-64) 567-3] 183-5]| 37-7 |40-9 

46-88) 553-7| 166-8] 51-19) 567-2) 181-7|| 41-1 |44-7 

48-30} 550-2) 166-7) 51-59) 580-2] 161-7|) 44-5 |48-6 

4 sc. div.|mic. div||  ’ sc. diy. |mic. div 5 
Jan. | || 46-34) 564-5| 169-6]| 52-87] 575-4] 171-9|| 33-3 

2 || 47-76) 565-4) 167-9] 49-71] 574-0] 169-1]] 31-6 

3 || 47-35] 559-5) 177-3] 48-83] 572-4] 177-0] 23-7 

4 || 54-15] 555-9) 169-1|| 46-95] 576-2) 193-2) 24-1 

5 || 50-31) 581-7) 177-5|| 48-83] 576-2) 170-5|| 29-1 

6 || 46-95] 561-2) 176-5|| 49-24) 576-8] 169-8]| 29-4 

48-36) 558-0) 157-8)! 50-58) 580-3] 168-3] 46-9 |48-5 
48-30} 557-3/ 158-1] 48-77) 581-8) 165-5|| 44-2 |45-2 
46-28) 565-3) 151-3|| 47-96) 581-3) 153-6]| 46-5 |46.4 
52-13) 567-4) 153-1] 48-63) 569-8] 164-8]| 39-4 |40-0 
49-30) 559-7) 155-1]) 49-64| 582-1] 157-0] 33-2 |35-0 
47-82) 553-9) 154-7) 49-64] 581-6] 159-3] 32-6 |37-8 

8 || 52-33) 566-1] 186-5] 47-96) 581-8] 177-2)| 31-5 
9 || 50-98) 559-7) 165-5|| 47-69] 570-4| 187-4|| 35-6 

10 || 53-61) 562-2) 157-3|| 49-51] 575-3] 184.4] 38-2 
11 || 49-91) 565-4) 164-7|| 54-62) 575-4} 190-0] 38-1 
12 || 48-50) 561-2) 174-3)| 56-03) 525-5] 171-7! 34-7 | « 
13 || 47-69] 566-9] 163-1|| 49-84) 581-0] 166-6] 39-4 

46-55] 559-9) 151-8) 51-72) 588-6) 155-8] 44-4 |47-7 
46-21] 563-7) 138-2) 51-05) 581-8] 154-8|| 48-5 |47-5 
46:21] 563-4 147-4|| 48-70) 584-5] 150-8] 43-3 |46.4 
45-81] 563-8] 164-4|| 52-33) 586-2) 153-3]| 48-1 |53-1 
46-55] 560-4) 156-8|| 50-58) 584-8] 152-0) 46-8 |52-8 
46-61] 562-5) 145-9|| 49.44) 582-8] 149.3) 47-5 [51-3 

15 || 49-10) 555-3) 184-1|| 49-64) 584-8] 183-3] 38-8 
16 || 48-63) 565-1] 167-1|| 55-29) 550-7) 221-4]) 41-7 
17 || 47-96] 565-0} 176-5}| 48-63) 569-8] 186-.3]] 43-4 
18 || 47-56) 561-7| 178-9|| 49-51) 573-3] 168-7|) 42-4 
19 || 45.94) 560-6) 175-6|| 48-90} 576-0) 161-2)) 45-1 
20 || 44-93) 556-1) 179-9] 50-25) 574-3] 169-3] 40-5 

48-56) 566-3) 166-3) 55-83] 585-4) 189-0) 45-6 |48-7 
49-57| 554-0} 165-6] 46-34) 582-2) 196.4|| 44-9 |48.4 
48-36] 555-9] 151-6] 48-90} 576-7] 168-8]| 46-0 |51 9 
49-30) 547-4) 153-3]| 48-97| 578-7| 180-4|| 45-5 |48-4 
48-90] 557-8} 156-6|] 49-03] 578-7] 170-3) 44-1 |44-0 
45-94) 553-6] 150-5), 53-61] 590-7| 175-1] 41-8 |43-0 

22 || 45-07] 570-52] 159-5|| 49-91] 581-1] 155-0] 42-9 
23 || 49-24) 567-3] 164-1|| 54-28) 567-4) 177-6] 42-6 
24 || 48.23) 566-5) 166-7|| 50-98] 572-9) 167-3] 47-3 
25 || 46-68] 557-7| 162-0|| 51-32) 573-3) 177-2) 49-2 
26 || 47-56) 554-0} 177-7|| 53-41] 580-1] 189-7] 43-2 
27 || 47-96) 557-2) 174-6|| 54-82) 573-2) 190-5) 38-7 

46-75] 553-9) 156-1|| 50-31] 592-5) 167-0) 41-2 |45-2 
46-48) 543-3) 144-8] 50-98) 575-0) 156-8] 42-1 |43-4 
46-08] 550-8] 143-6], 49-17] 581-4) 167-8] 41-4 |41-7 
42-58) 560-7) 152-8] 46-88] 585-1) 160-0) 39-4 |39-8 
50-72! 557-0) 152-8|| 50-65] 598-3] 194-5] 38-6 |41-2 
48-30} 556-7] 153-0] 48-83) 582-5] 139-6] 41-3 |45-8 

29 || 47-89) 568-4) 169-9] 49.51) 581-2| 174-8] 36-2 
30 || 47-22) 565-7| 167-4) 46-48] 604-7| 203-5||.35-7 
31 || 47-02) 565-1) 171-5|| 48-63) 572-6] 169-3] 37-2 

Feb. 1 || 45-00) 546-1| 186-8] 49-71| 580-3) 173-2] 36-5 
2 || 47-62) 570-8] 170-7|| 50-04) 576-2) 162-8] 38-1 
3 || 47-29) 571-5] 158-3] 48-43) 574-8] 162.8) 45-0 

46-55) 544-2) 152-4) 51-12) 586-7) 181-9) 45-8 |49-3 
49-98] 549-9] 142-7|| 49-91] 579-3] 180-4|| 46-6 |47-0 
49-71] 559-6] 145-5}] 51-32) 587-4] 173-2] 44-5 /45-9 
52-53] 552-6) 141-4]| 49-24) 572.4) 157-5) 42-7 |43-0 
45-54| 553-7/ 149-3|| 51-46) 590-2) 146-0) 44-2 |50-2 
46-88] 541-4| 146-2|| 50-18) 574-8) 163-9] 47-4 |47-3 

5 || 46-14) 568-0) 158-2) 48-16) 579-3) 158-5 47-5 
6 || 44-53) 565-3} 161-1] 49-98)576-1| 158-3) 46-1 
7 || 45-34] 566-1) 170-6] 49-84| 578-3) 160-9] 45-1 
8 || 45-13} 565-0} 158-3] 49-98) 577-9) 156-4|| 46-2 

9 
0 

47-56) 560-1) 148-2|| 44-93) 594-2) 212-7) 41-1 |41-5 
48-16} 553-7| 146-9] 50-98) 579-5] 155-5|| 39-3 |41-1 
45-13] 549-3} 156-3] 49-71] 581-2/ 160-3] 39-7 |42-2 
43-92) 550-7) 140-4|| 49-30) 582-5) 141-5] 40-3 |43-4 
43-05) 554-6] 137-1] 50-855) 592-0) 142-4) 39-1 |43-6 
51-19} 538-3] 140-5|| 54-08) 597-0) 159-4) 41-8 |42-9 

41-77| 557-1] 160-4|| 49-84) 580-3) 163-5|| 42-4 
43-99] 565-4) 152-6|| 54-28| 580-9] 162-8)| 46-4 

12 || 43-38) 559-5) 159-7|| 52-40) 589-2| 168-7] 40-1 
13 || 45-87) 567-7| 153-1|| 50-51) 570-9) 175-1] 41-5 
14 || 48-36] 568-5] 158-3) 51-86) 575-0) 165-7|| 41-2 
15 || 46-75) 561-4) 154-8]) 50-72) 578-6] 148-8] 47-0 
16 || 46-88) 571-3) 150-0) 49-77) 574-8] 157-2|| 46-1 
17 || 50-25) 566-0) 141-4) 54-48) 576-8] 165-7|| 44-6 

49-24) 553-9) 131-9] 50-78) 592-8) 157-4) 40-5 |44-8 
42-31) 556-2) 149-7|| 49-24) 583-9) 152-8) 35-3 |36-0 
45:94! 555-0] 144-7) 48-97) 599-6) 165-4) 35-1 |39-3 
49-77| 560-4| 140-9) 48-83) 589-6) 152-2) 37-7 |41-3 
46-88) 555-4| 147-9|| 47-96] 592-6] 148-6] 37-8 41-1 

19 || 47-29) 565-8) 146-7)| 56-84| 597-5) 196-5} 48-5 41-84) 564-4) 119-3) 51-52) 564-1) 147-2)) 36-3 |42-7 

20 || 46-28] 553-8] 169-0] 51-52) 583-1| 190-2)) 42.8 
21 || 46-34) 557-0) 174-4) 50-45) 558-6) 200-1}) 37-5 
22 || 50-38} 556-2) 165-4) 61-61] 601-0) 202-9) 42-3 
23 || 45-94) 548-7| 192-8) 49-44) 571-6) 172-3] 39-9 
24 || 46-61) 550-6) 172-2)| 50-58) 577-1) 173-1] 39-0 

43-72) 554-5| 96-0)| 48-23] 587-1] 134-2} 42-1 45-6 
45-40) 556-9} 130-2) 48-83) 593-2) 139.2) 44-5 48-2 
41-16) 559-8) 143-9]) 50-45) 609-1} 142-4) 46-8 |50-3 
45-74| 559-9| 127-6] 53-14| 580-5) 178-2] 47-2 50-9 
44-12) 561-4| 136-8) 49-30) 595-0) 148-0} 47-2 50-2 

ried aeatua| acuealanay| Sdisdl aro peal see 44.32] 557-5| 135-2/ 49-37| 596-7, 158-0] 48-2 53-6 
27 || 46-95) 551-9) 159-4) 59-59) 614-2) 244-3) 33-4 

it 28 || 47-56) 553-0) 176-1)| 48-63) 569-4) 207-3) 36-7 46-75, 566-1] 133-8] 50-18 603-0 142-0] 53-4 58-8 



12 DAILY OBSERVATIONS OF MAGNETOMETERS, May—Aveust, 1849. 

Gottingen Temperature] Gottingen Temperatu 
Mean 11 A.M. 5 P.M. of Bifilar andj Mean 11 aM. 5 P.M. of Bifilar and 
Time. Balance. Time. Balance. 

Bifil. | Balce. Bifil. | Balce. Bifil. | Balce. Bifil. | Balee. 
Civil Day. were Cann) Coe aire Cor- | Cor- ||11.4.m.5 p.at,| Civil Day. baa Cor- | Cor- basal Cor- | Cor- {11 a.a0.|6 p.m. 

* |rected.| rected. rected.| rected. rected.| rected. rected.| rected. 

Z sc. div. |mic, div ‘ se. div. |mic, div . 3 é sc. div.|mic. div)| / se. div. |mic. div P. = 

May 1 || 46-34] 551-8] 121-4!| 47-35) 583-5) 153-8] e--+++ jews eee July 2 || 46-95) 572-9) 114-4] 47-29] 592.8] 127-9) 56-8 |59-8 

2 || 46-01| 557-2) 138-5] 48-97] 587-8) 140-9] -----+ |--eees 3 || 41-37) 568-2) 112-4/ 49-24) 634-3) 141-9) 59-1 \61-2 

3 || 43-92] 553-8] 134-3]| 46-95] 583-2) 169-8]| 50-7 | 55-2 4 || 45-60) 560-6) 126-3) 49-64) 622.3) 152-6) 57-4 |59-1 

4 || 43-38] 569-2) 137-9] 48-50) 586-4| 134-6) 50-1 | 55-8 5 || 44-46] 560-9} 126-1|| 50-45) 600-0] 145-6) 56-9 |61-3 

5 || 50-11) 553-6] 135-2|| 47-82) 584-7) 140-5|| 50-5 | 51-1 6 || 44-59) 563-5) 124-8)| 46-41) 607-2) 142-2) 57-3 |\61-1 

7 || 42-44! 560-7] 128-0) 47-82) 588-7| 137-9 61-2 |64-2 

7 || 54-28] 556-9] 138-1|| 47-49] 636-0) 220.3)| 45-4 | 48-9 

8 || 44.53] 563-6] 146-9] 47-15] 587-4) 143-1]) 47-3 | 50-5 9 || 44-39] 565-8) 117-7|| 49-24) 597-6) 131-8| 61-4 |64-5 

9 || 55-96] 557-2] 138-6]| 46-82) 589-1] 160-4) 48-6 | 50-7 10 || 42-91] 557-8] 125-4| 48-83) 586-0] 135-9) 62-6 |67-3. 
TO ell eetesee 1 eke geflebseot Seebee | segue sees Roe hs leoemee 11 || 43-65| 558-1| 132-4|| 50-18] 586-8] 126-8 66-0 |70-9 

11 || 47-49} 568-2] 135-0] 48-56) 589-3) 155-8] 46-9 | 49-4 12 || 45-40) 572-5) 125-3) 47-22) 596-7| 186-2 64-9 |67-5 

12 || 46-95] 576-0) 120-5)| 54-82) 602-4) 182-2) 47-9 | 53-0 13 || 51-25) 571-5) 122-2) 45-34) 615-7| 240-9 62-9 |66-5 

14 || 44-46) 560-0) 136-6)| 42-71) 583-9] 138-5)| 61-6 |66-2 

14 || 48-97] 562-1] 120-7|| 45-60) 593-5) 140-1|| 54-3 | 55-6 

15 || 58-58] 565-0} 122-0)| 44-93) 593-5) 143-2)| 53-0 | 53-8 16 || 45-87| 556-2) 131-0} 46-82) 593.4) 137-1) 61-7 |67-6 

16 || 43-79] 570-5] 107-7|| 46-82) 597-0) 150-5|| 52-3 | 53-6 17 || 44-93) 564-3) 133-4|| 46-61] 583-4) 134-0) 64-0 |66-4 

17 || 42.64! 570-8) 132-6] 48-36) 597-6) 160-7|| 51-8 | 54-6 18 || 46-01) 563-5) 122-9] 48-90) 603-5| 134-8] 60-6 |61-8 

18 || 50-92} 562-1) 128-6|| 49-77| 614-5) 159-2) 54-4 | 56-4 19 || 45-47| 558-8) 124-0) 46-82) 589-4] 143-8] 58-9 63-0 

19 || 53-54) 562-1) 145-1] 48-30) 595-0) 145-9] 51-1 | 54-5 20 || 44-26) 556-6) 124-6) 48-43) 600-0} 133-4'| 59-6 |64-2 

21 || 44-53) 560-1) 112-9) 48-16) 603-3) 133-1)| 60-0 |62-4 

21 || 47-82) 556-4) 129-2) 50-25) 590-2) 177-9] 49-7 | 56-3 
DD s|| wise tien | sale ve'e ||| weelepin) il late tien sbeabe 4 cin eieiciaaly (eisingetsty ||\e c:aceiara 23 45-13) 549.5 131-0 48-43) 594-0) 134-4 60-9 |61-9 

23 || 50-31) 563-9) 130-9] 49-71) 600-2) 145-1|| 56-1 | 59-7 24 || 43-32) 570-2) 125-7] 47-22) 606-2) 157-6| 56-7 \61-1 

24 || 45-34] 561-5] 129-8]| 49-03) 592-5) 145-9) 55-8 | 59-7 25 || 43-65) 548-9) 135-0) 47-29) 595-1) 142-7|| 57-8 |61-5 

25 || 43-58] 562-6] 132-0] 52-67] 587-9] 139-3) 57-0 | 59-4 26 || 42-24) 564-6) 132-0] 46-95] 588-9] 136-8 59-7 |62-8 

26 || 46-82) 566-7| 126-9) 49-30) 584-4! 167-8) 54:3 | 59-0 27 || 43-99) 564-6) 130-5] 46-08) 603-5) 149-5) 58-2 |62-7 

28 || 44-19 570-4) 127-9) 45-00) 589-1) 152-4)| 58-4 62-1 

28 || 45-54! 565-1) 133-7] 49-37) 619-2) 160-4|| 56-3 | 61-8 

29 || 47-35) 564-7] 113-1] 47-35) 591-0) 140-0|| 57-4 | 62-5 30 || 43-25) 567-9) 130-3] 44-06] 585-4! 141-0) 60-1 |63-0 

30 || 49.24) 568-3} 137-9] 47-82) 591-1] 143-0) 58-8 | 63-3 31 || 45-94) 567-5} 120-1)| 46-28) 623-9) 138-1|| 58-4 |61-5 

31 || 46-28) 562-2) 125-4|| 47-69) 591-4) 130-7) 57-7 | 60-0) Aug. 1 || 46-88) 555-3) 127-8] 47-02) 587-1| 146-3 57-9 |62-3 
: . : . 2 || 43-99) 564-9) 121-1) 47-96) 582-0) 135-4) 58-8 |62.4 

2 || 49-57) 573-2) 115-0|| 46-88) 596-9) 141-3)| 58-3 | 61'5 3 || 43-32) 565-2) 122-7|| 48-16) 582-6) 136-1] 57-5 59-6 
4 || 46-08) 563-2) 124-5|| 49-03| 591-9) 132-6) 55-0 |58-8 

4 || 44-12) 571-7| 129-8] 49-10 592-0) 140-3) 58-7 | 64-4 
5 || 44-93] 563-1) 120-0] 52-46) 632-9) 151-1]| 62-1 | 65-1 6 || 44-12) 571-3) 125-7) 46-68] 591-4) 133-5) 61-5 \66-3 
6 || 44-32) 557-0) 139-3] 50-85) 615-3) 161-7|| 58-0 | 62-4 7 || 43-45) 559-6) 122-7) 49-57) 591-2) 128-4|| 61-2 |64-0 
7 || 50-65) 560-4) 113-5]| 53-74) 610-2) 213-8) 57-4 | 62.4 8 || 44-79) 566-1] 120-4| 49-98) 602-4) 133-8|| 62-8 \68-1 
8 || 46-75] 554-5) 142-3] 48-90) 600-4) 161-7|| 55-7 | 56-8 9 || 41-57) 570-9) 121-4) 50-98) 610-6) 133-2) 65-6 |70-3 
9 || 44-19) 558-4) 136-7)] 49-37) 592-6) 148-6] 51-8 | 55-9 10 || 47-69) 565-1) 121-6) 47-15) 592-2) 158-6) 65-2 \67-3 

11 || 44-26) 563-1) 121-2) 43-25) 599.3) 146-6] 63-8 |65-6 
11 || 44-39) 563-1) 127-3]) 52-26) 608-2) 139-1] 50-5 | 54.5 
12 || 44-53) 564-0) 136-1) 50-45) 600-4) 153-6) 50-3 | 54-2 13 || 41-03) 567-1) 122-5) 48-70) 588-4) 147-5) 62-3 |63-4 
13 || 44-26] 560-2) 122-0|| 56-30| 670-7| 247-5) 53-4 | 58-2 14 || 44-26) 555-2) 126-9) 46-61) 589-6) 139-6|| 60-0 \61-8 
14 || 46-75) 552-3) 132-2)| 50-38) 596-1) 157-5] 55-3 | 60-0 15 || 42-98) 566-1] 124-8] 45-67| 595-7| 138-4|| 57-5 |61-1 
15 || 42-31) 563-5) 140-2] 48-63] 586-3) 150-4) 55-5 | 58-8 16 || 44-12) 567-4) 128-1) 45-87) 594-3] 125-4) 57-4 |59-6 
16 || 46-95) 564-9) 138-1) 47-15) 589-5) 140-9) 54-7 | 58-2 17 || 43-65) 563-7| 123-6) 45-27| 591-4| 127-7|| 54-9 [58-7 

18 || 49-17) 564-1) 112-9) 45-67] 583-8) 136-8|| 55-7 |59-5 

18 || 43-85] 568-2) 130-9]) 46-88) 596-2) 138-8] 57-1 | 58-9 
19 || 48-43] 567-5] 133-6)| 49-30) 591-2) 147-0] 55-5 | 57-8 20 || 46-55) 561-2) 117-3) 49-84) 584-4) 139-8) 59-1 |62-0 
20 || 51-99) 580-9) 124-1] 49-17] 600-5) 150-6) 51-6 | 57-0 21 || 45-27) 571-9) 117-9] 46-34) 592-0) 125-8] 61-0 |65-2) 
21 || 45-07| 570-6] 108-1)| 51-86] 595-3) 136-0) 56-6 | 58-8 22 || 46-01) 561-8} 116-8] 44-32/ 588-1] 150-6] 62:0 |64-6 
22 | 41-30) 563-8) 134-3] 49.24) 598-4) 144-1|| 57-2 | 58-5 23 || 46-75) 554-8! 123-9] 44-06) 584-3] 138-8]| 57-5 60-8 
23 || 43-65] 559-7| 130-6)| 50-92) 592-5) 135-3)| 57-1 | 59-7 24 |) 46-55) 557-2) 131-4) 46-48) 585-5] 135-5) 54-0 |59-5 

25 || 47-15 567-7| 129-0) 43-38) 582-5) 140-9] 58-0 |61-7 

25 || 48-36) 575-6] 131-4) 48-63) 591-6} 162-1] 58-7 | 62-5 
26 || 44-73] 564-9) 126-6)| 50-65) 593-6] 141-5] 61-6 | 65-4 27 || 46-82) 576-8) 115-6|| 50-72) 603-8) 124-1) 58-6 |61-5] — 
27 || 44-86] 571-7) 116-4|| 47-02) 618-1) 153-1] 61-4 | 62-5 28 || 46-08) 569-1] 114-4|| 46-01] 590-7| 131-2) 56-2 |60-2} — 
28 || 47-08) 563-8) 120-3) 51-12) 599-0) 144-9) 57-1 | 60-4 29 || 45-67) 567-1) 113-4|| 42-17| 588-6] 123-5) 61-3 |67-7] — 
29 || 43-72) 570-7| 133-4] 45-34) 589-8/ 141-2] 57-3 | 60-1 30 || 43-38] 573-1] 123-0] 43-18] 586-5] 128-4|| 63-8 |64-2) 
30 || 45-27| 567-8] 129-9] 46-48] 592-7) 161-0) 55-1 | 59-2 31 || 44-39) 566-0) 123-3) 44-32] 586-8] 124-2) 61-2 63-5 ij 

0 a a a RR A A RR A NR 



DarLy OBSERVATIONS OF MAGNETOMETERS, SEPTEMBER—DECEMBER, 1849. 13 

Oct. 

Decln. 
. 24° +. 

3| 565-9 

1] a.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.| rected. 

mic. div 

122-9 
se. div. 

566-0 

568-4 
556-9 
559-1 
563-3 
569.2 
565-4 

117-8 
119-2 
131-5 
117-8 
118-2 
115-1 

120-9 
120-9 
114-1 
105-5 
123-3 
124-7 

560-4 
564-1 
569-3 
548-5 
568-8 
561-6 

129-1 
135-8 
122-1 
121-9 
122-4 
121-8 

556-1 
536-4 
546:5 
560-3 
560-8 
571-4 

114-2 
125-9 
127-7 
124-0 
128-5 
120-3 

566-4 
560-0 
567-7 
558-6 
557-2 
566-6 

566-4 
571-6 
567-8 
565-3 
563-2 
569-6 

118-7 
118-4 
125-3 
120-5 
120-0 
113-8 

116-4 
109-9 
108-3 
109-5 
120-8 
115-3 

564-7 
568-4 
563-9 
558:8 
065-9 
574-3 

139-4 
121-2 
117-6 
106-1 
116-0 
115-0 

565-1 
567-7 
569-4 
558-5 
562-4 
564-7 

561-0 
555°5 
550-4 

119-5 
135-7 
130-0 
123-2 
125-4 
131-4 

568-5 
566-2 

560-5 
572-6 
555:3 

131-4 
113-6 
123-6) 

5 P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.|rected. 

Decln. 

24° 4. 

te sc. div. |mic. div 

585-9] 132-2 

596-0 
592-6 
589-0 
583-1 
586-3 
596-6 

134-4 
161-8 
132-7 
124.4 
121-8 
145-0 

130-9 
125-6 
128-9 
179-4 
142-0 
126-6 

590-4 
583-9 
588-4 
614-6 
585:9 
578-1 

596-4 
626-2 
582-9 
579-2 
590-9 
584-5 

192-7 
186-4 
188-2 
134-5 
132-1 
120-2 

582-5 
563-7 
584-1 
587°8 
572-9 
582-0 

148-1 
156-2 
134-6 
116-3 
141-9 
120-3 

587-2 
588:°3 
985-5 
585-9 
585-7 
590-5 

164-8 
149-3 
129-2 
123-9 
123-5 
120-2 

580-2 
588-5 
573-4 
583-8 
581-0 
585-7 

127-5 
117-1 
140-5 
160-7 
113-8 
141-0 

582-1 
583-4 
586-2 
587-4 
586-9 
576-9 

138.7 
152-4 
120-3 
135-6 
174-0 
147-8 

600-4 
582-4 
577-1 
580-2 
583-4 
582-3 

239-9 

582-9 
583-4 
572-7 

Dee. 

Temperature] Gottingen 
of Bifilar and 

Balance. 

Decln. 

24° + 

45-47 
43-92 
47-49 

44-73 
43-99 
43-65 
43-72 
42-58 
42-78 

43-99 
47-02 
44-73 
42-37 
43-72 
44-26 

43-72 
42-58 
43-72 
47-49 
45-40 
45-47 

42-78 
53-34 
52-80 
44-46 
53-81 
49-51 

43-45 
44-06 
42-71 
42-78 
41-90 
43-99 

43-52 
44-32 
42-71 
42-64 
43-18 
43-92 

42-37 
43-45 
43-58 
43-85 
45-81 
50-31 

45-60 
43-18 

11 a.m. 

Bifil. | Balce. 

Cor- | Cor- 
rected.|rected. 

se. div. |mic. div 

572-2) 125-5 

568-3} 127-5 
578-0) 120-8 

573-1 
575-8 
570-1 
577-0 
576-6 
577-8 

117:8 
118-4 
125-1 
115-5 
116-2 
112-7 

574-6 
568-3 
564-1 
574-7 
579-0 
575-1 

112-9 
113-2 
126-9 
126-8 
108-4 
118-7 

579-7 
575:8 
573-3 
568-6 
571-1 
570-8 

114-3 

579-8 
558-3 

Decln. 

24° + 

44-46 
44-86 
45-27 

44-19 
57-58 
43-52 
43-85 
43-92 
47-49 

48:09 
49-44 
45:07 
45-07 
44:73 
45-27 

52-53 
46-48 
44:39 
45-94 
43-18 
41-23 

45-81 
45-00 
47-35 
27-11 
44.19 
45-87 

43-58 
44.93 
43-05 
43-25 
42-91 
42.44 

44.79 
46:88 
47-42 
44.26 
43-25 
43-25 

43-65 
43-85 
43-38 
58-32 
42-58 
47-56 

42-98 
42.84 
43-25 
44-39 
45-40 
47-82 

5 P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.| rected. 

sc. div. |mic. div 

578-4| 132-5 
586-7| 129-2 

586-9) 120-2 

131-1 
133-0 
126-1 
116-3 
114-3 
108-6 

588-0 
587-3 
586-4 
588-3 
588-0 
596-4 

583-1 
579-5 
583-4 
586-4 
578-9 
589-4 

128.2 
206-1 
101-5 
120-8 
132-1 
123-0 

576-0 
583-4 
584-5 
577-9 
586-6 
564-7 

165-7 
128-2 

143-6 
125-3 
138-9 

580-9 
585-0 
585-7 
590-4 
582-1 
599-3 

149-1 
158-7 
137-1 
186-7 
121-1 
266-1 

586-1 
586-5 
586-1 
588-3 
593-1 
589-8 

127-0 
121-9 
120-9 
117-8 
113-8 
115-8 

579-9 
593-6 
595-7 
585-2 
586-7 
588-4 

135-6 

117-2 
155-1 
126-8 
119-3 
119-8 

590-9 
590-8 
590-5 
583-7 
585-1 
583-2 

111-6 
106-8 
113-6 
137-4 
125.4 
146-8 

589-4 
589-1 
591-6 
586-9 
598-8 
588-9 

117-2 
113-6 
109-8 
116-3 
109-1 
131-5 

587:8 

Temperatur 

of Bifilar and 
Balance. 

114.M./5 P.M. 

127-7||: 



14 

Gottingen 
Mean 

Time. 

Civil Day. 

11 A.M. 

Bifil. 
Cor- 

rected. 

Balce. 
Cor- 

rected. 

Decln. 

94° +. 

mic. div 

106-9 
sce. div. 

586-2 
574-0} 104-3 
583-1] 104-7 
575-1} 106-3 
574-5} 116-9 

577-6 
558-2 
579-4 
579-6 
580-7 
583-8 

110-7 
108-0 
105-0 
105-4 
106-3 
106-0 

98-6 
102-8 
102-9 

584-3 
581-6 
581-8 

Gottingen 
Mean 

Time, 

Civil Day. 
| Bifil. | Balce. 

Cor- | Cor- 

rected.|rected. 

¢ sc. div. |mic. div 
eoevce | seocvee | seeree 

43-92) 594-3} 97-2 

38-06} 581-3 
39-01) 583-0 
45-07) 588-7 
40-56] 577-1 
38-60) 590-3 
41-57] 588-9 

116-1 
111-0 
87-5 

115-3 
108-5 
106-9 

39-34 
39°54 
38-60 
38-60 
39-21 
37-59 

592:8 
586-1 
581-2 
590-3 
588-0 
592-9 

100-9 
98-7 

100-1 
103-8 
104-6 
93-0 

37-59 
41-16 
38-20 
38-74 
41-57 
36-85 

595-7 
589-6 
590:3 
593-3) 99-5 
593-2} 82-8 
580-8} 100-8 

99-7 
90-8 
99-3 

41-77 
38-94 
38-87 
38-20 

580-3] 102-8 
587-5} 101-4 
5856] 104-5 
586-0} 105-1 

Decln, 

Zi? Se 

11 a.M. 

Bifil. 

or- 
rected. 

se. div. 

573-6 

574-7 

568-4 
572-6 
579-3 
577-6 
579-6 
579:8 

574-5 
581-5 
569-8 
569-0 
570-9 
5752 

580-7 
581-3 
584-4 
580-8 
577°4 

}] 583-3 

574:2 
566.9 
572-0 
568-4 

Temperature] Gottingen 
5 P.M. of Bifilar and} Mean 

Balance. Time. 

Bifil. | Balce. 
soi Cor- | Cor- |[11.4.30,|5P.m.| Civil Day. 

rected.|rected. 

U sc. div. |mic. div ¥ 2 

42-24] 590-2) 118-5|| 30-5 |31-9| Jan. 17 

42-71| 589-3] 114-8] 32-7 |34-1 18 

43-18] 590-5) 123-8|| 37-4 |40-1 19 

44-46] 590-0) 113-4) 39-4 |39-2 

42-78] 592.6] 122-7|| 35-8 36-5 21 

44-32] 585-9| 121-2|| 29-4 |31-4 Bs 
wenieie wis istefat | Ue mimieiaia DBD |ececee 94 

43-38] 590-1) 114-5|| 26-7 |28-3 95 

42-64! 591-5) 108-0] 30-2 |31-2 26 

42.78] 592-1) 109-5} 30-9 |31-2 

43-85] 597-9] 115-3]| 31-9 |32-5 

28 

43-72) 592-0] 111-4|| 31-4 |32-1 29 

42-84) 592-3) 114-5|| 28-3 |30-3 30 

: 594-0} 107-6]| 30-5 |32-0 31 

Balce. 

Cor- 
rected. 

Bifil. 
Cor- 

rected. 

Balce. 

Cor- 

rected. 

Decln. 

24° + 

94° + 

Decln. 

Wye! se 

Decln. 

41-57 
40-89 
46-14 

43-79 
42-24 
44-73 
43-65 
41-03 
43-25 

47-02 
42-24 
41.97 
43-05 

rected. 

11 a.M. 

Balce. 

Cor- 

rected. 

Bifil. 
Cor- 

rected. 

mic. diy U 

100-2 

102-8 

103-2 

se. div. 

579-9 

578-2 

583-4 

571-5 
579-4 
578:5 
594.4 
599.6 
581-9 

118-5 
115-3 
104.9 
112-7 
104-9 
100-6 

580-6 
570-3 
575-1 
581-7 

92-4 
103-4 
110-1) 42-58 
103-9 

Bifil. 
or- 

Balce. 

Cor- 
rected. 

mic. div 

113-8 

193-1 

se. div. 

581-3 

578-0 

mic. diy 

121-9 

99-5) 

120-1| 
112-6| 
108-1 

120-7 
109-9 

109-8 

579-1 
579-1 
587-0 
576:5 
591-2 
582-1 

123-0 
113-5 
114-2 
120-5 
113-3 
108-5 

111-6 
104-0 
101-9 
108-5 
97-7 
93-7 

582-9 
582-7 
582-7| 105-0 
581-2) 106-8 
581-2) 99.7 
580-9} 102-7 

114-2! 
106-5 

104-2 
98-2 
88-7 

101-3 
94-1 

105-0 

586-9 
581-7 
587-3 
587-6 
579-1 
582-7 

100-8 
102-6 
91-9 

110-8 
102-6 
104-2 
104-9 

582-5 
581-4. 
586-8 
585:5 

49-30 
57:51 

41-37 
43°85 
53°34 
43-65 
43-92 
44-06 

43-58 
46-82 
43-18 
45-94 
46-08 
43-45 

44.32 
44-76 
43-92 
44.73 
48-03 
50-18 

43-92 
45-07 
44-19 
42-91 

mic. div 

148-0 

236-4 

se. div. 

583-0 

600-4 

591-0 
586-1 
580-4 
588-5 
597-9 
591-2 

592-8 
594-9 
589-8 
588-2 
588-1 
592-4 

594:0 
591-0 
598-2 
595-3 
607-4 
610-0 

589-1 
592-0 
596-1 
587-9 

| Bifil. 

47-62) 587-5 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING JANUARY AND FEBRUARY, 1850. 

5 P.M. 

Balce. 

Cor- | Cor- 
rected.|rected. 

. |mic. div 

106-9 

119-0 
588-0) 120-3 

585-1 
593-0 
589-3 
583-7 
598-1 
582-5 

116-0 
115-9 
128-0 
116-8 
115-0 
116-4 

575-4 
584-8 
589-2 

167-5 
122-4 
115-5 
119-8 

Temperature of Bifilar and 

Balance. 

8 a.M.|114.M.} 2 P.M. 

Balance. 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING Marci AND APRIL, 1850. 

Decln. 

"|| 24° 4 

37-19 
36:85 

39-01 
40:36 
38-74 
38-06 
37°53 
51-32 

42-98 
35-64 

38:47 
48-83 
38-20 
35-44 

37-46 
37-19 
37-66 
36-38 
37-32 
36-32 

39-27 
36-45 
39:37 
34-84 
35-58 
36-65 

36-52 
38-00 
36-38 
35-98 
35-84 
34-90 

35-84 
35-44 
33-04 
36-92 
35-37 
34-90 

37°53 
35-78 
34-70 
33-89 
36-99 
32-21 

35:04 
32-68 
35-02 
35-44 
35:78 
34-70 

37-53 
34-90 

8 A.M. 

Bifil. 
Cor- 

rected. 

Balce. 
Cor- 

rected. 

mic. div 

103-4 

98-4 

se. div. 

590-0 

579-5 

95.0) 
99-5 

106-2) 
104.7 
106-7 
106-2 

584-3 
564-8 
588-8 
589-1 
986:3 
090-8 

583-4 
582-6 
583-0 
574-7) 90-3 
586-4; 97-9 
594-6) 97-7 

99-9 
110-5 
105-3 

587-5] 108-3 
590-6) 100-3 
592-8) 97-6 
590-0} 98-0 
592.9} 104-4 
591-0} 103-8 

587-5 
078:8 
583°3 
579-9 
590-4 
590-0 

72:5 
108-1 
99-0 

101-9 
103-9 
108-0 

580-2 
588-7 
581-4 
588-5 
590-3). 
588-9 

580-2 
578-9 
580-9 
580-6 
589-4 
591-3 

593-8 
587-6 
588-5 
586-5 
592.7 
589-7 

585-3 
586-7 
583-8 
588-2 
589-3 
594-2 

582-7 
age 101-7 

41-43 
43-85 
41-63 
39-68 
39-21 
39-81 

38-67 
39-68 
37-73 
38-06 
40-76 
42.98 

40-36 
41-30 
38-80 
39-81 
39-88 

91-3) 39.54 

43-11 
40-76 

11 a.M. 

Bifil. | Balce. 

Cor- | Cor- 
rected.|rected. 

se. div. 

570-0 

565-4 

mic. div 

103-0 
106-7 

576-9 
562-4 
567-5 
574-3 
569-4 
573-0 

92-4 
103-8 

561-4 
562-4 
556-8 
571-6 
574-3 
572-2 

589-1 
573-1 
575-1 
575.4 
574-9 
576:8 

554-4 
561-8 
568-8 
563-8 
564-7 
566-0 

561-1 
568-2 
573-7 
575-7 
572-4 
577-4 

567-5 
568-2 
580-6 
567-6 
560-4 
567-9 

565-8 
564-6 
568-9 
569-0 
572-8 
569-2 

571-2 
566-1 
569-9 
577-2 
073-4 
a79:-3 

579-1 
5753 

Decln. 

24°+ 

53-61 
47-42 

51-05 
48-90 
49-77 
50:25 
49.30 
52:06 

55-15 
46-34 
50:85 
49-57 
50-58 
52-33 

48-70 
48-36 
47-69 
50-25 
51-52 
50-38 

52-60 
48-97 
53-88 
50-78 
48-43 
47-42 

52:40 
51-93 
51-12 
47-62 
47-29 
49.24 

50-31 
+2)| 48-43 

49-10 
44-83 
61-25 
51-93 

51-99 
51-86 
50-25 
49-10 
50-51 

|| 49-91 

46-82 
50:78 
48-23 

-6| 48-97 
.9| 47-96 
5 | 40-49 

2. P.M. 

Bifil. 

or- 

rected. 

se. div. 

585-2 

976-9 

573-5 
577-8 
582-7 
577-7 
573-0 
585:5 

581-8 
576-7 
579:3 
570-6 
580-2 
582-9 

579-1 
587-8 
589°-5 
579-2 
585-2 
584-9 

566-6 
587-5 
580-9 
576-9 
584-0 
580-7 

568-2 

581-7 
584-4 
581-2 
586-2 
593-3 

570-0 
580:3 
573-4 
582-9 
576-0 
580-7 

578-1 
578-4 
580-5 
582-5 
590-2 
579-8 

581-5 
580-0 
583-3 
577-2 
580-0 
092-0 

589-4 
582-6 

5 P.M. 

15 

Temperature of Bifilar and 
Balance. 

Balce. || Deein,| Bifil. | Balce. 
Cor- 24° 4. Cor- | Cor- || 8 A.M. | 11 4.M.] 2 P.M. | 5 P.M, 

rected. rected./rected, 

mic. div fi se. div.|mic. div & 2 2 £ 

104-3}| 49-44] 604-7) 133-7]| 45-3 45-5 46:8 48-7 

105-7|| 42-58) 585-5/ 114-8] 47-9 | 47-8 | 48-1 48-7 

100-5|| 48-23] 578-5) 143-9] 41-1 40:0 | 40-3 | 41-5 

103-3] 43-32) 568-8) 112-6]| 39-6 40-0 41-1 42.5 

98-2)| 44:59) 589-2) 107-7|| 45-7 46-7 48:8 50-8 

98-8|| 46-08] 588-7) 103-0|| 49-4 | 49-3 | 50-6 | 52.5 

98-6|| 45-00) 589-4) 103-9] 48-6 48-0 49-5 53-0 

99-3] 49-24| 583-8) 121-0] 49-2 | 48-3 | 47-9 | 48-0 

115-5|| 50-78] 602-2) 140-4|| 42-4 | 41-7 | 43-1 45-4 

115-0|| 49-03) 589-0] 135-9] 40-8 | 40-0 | 41.3 | 44.7 

108-8|| 44-26] 576-3] 131-7|/| 42-0 | 41-5 | 43-7 | 46-6 

101-0|| 44-19) 586-1) 104-2) 46-6 | 46-5 | 46.9 | 47-8 

97-9|| 45-00] 588-9] 114-4) 45-6 45-3 46-4 48-3 

98-2|| 49-24) 600-7} 112-8) 46:5 | 46-4 | 46.7 | 47-3 

104-3)| 43-52| 589-3) 104-4|| 38-8 | 38-6 | 39-6 | 41-8 

87-6|| 44-32) 594-0] 100.8] 43-2 43-6 44.9 46-5 

86-2)| 43-05] 595-8] 98.3) 44:9 44-8 46-0 47-8 

94-3] 40-56) 589-2) 109-0)) 44-3 | 43-9 | 44.2 | 44.7 

96-5|| 45-00) 593-7] 102-0)| 42-6 42-8 43-4 43-0 

92-3)| 46-08] 592-5] 105-9]| 41-3 39-9 40-2 41-0 

122-1]| 44-12) 576-7| 106-7] 31-0 | 30-7 | 32-8 | 36-5 

108-8)| 44-19} 593-2) 118-8|| 35-6 35-7 37-9 41-1 

101-4)| 42-84} 609-5} 115-5|) 37-3 36-9 38-0 39-8 

105-4)| 45-27) 593-6} 96.6|| 34-0 33-4 35-7 40-5 

87-3]| 47-22) 598-1) 112-6)| 35-5 35:3 | 37-6 | 40-8 

86-6|| 45-40} 595-0} 96-2)) 38-8 | 38-7 | 39.3.) 40-2 

105-2|| 46-88] 601-0) 152-8)) 43.7 | 44-8 | 47-0 | 48-5 

80-8)| 44-86) 598-9) 94-9) 47-0 | 46-7 | 47-3 | 48.7 

88.4|| 44-26] 594-1} 96-7)| 48:6 | 49-0 50-0 | 51-3 

70-4|| 42-91] 590-7) 95-0]| 50-0 50-5 52-1 52-6 

80-5|| 43-72) 597-0} 83-3)} 51-5 51-5 52:3 54-2 

88-6|| 43-92) 605-7; 100-8| 48-5 | 46-9 | 48-1 48-8 

101-5] 34-90] 625-1] 139-1} 49-6 | 50-2 | 52.2 | 53.9 

86-4|| 44-53] 591-1) 84-5|)| 50-9 | 50-9 | 51-8 | 52-3 

113-8|| 43-25] 599-7| 108-5|| 49.2 49-0 49-7 51-0 

80-1|| 44-53] 605-4) 105-4)) 43-8 | 42-7 | 45.4 | 49.0 

85-7|| 44-76] 605-5] 101-2)| 45-7 45°4 46:3 48-8 

92-8)|| 44-26) 600-3) 101-3)| 45-0 44.4 45-7 49.7 

76-9)| 46-21| 604-4) 93-1|]) 45-0 | 44-8 | 44.8 | 44.9 

81-6|| 45-00] 598-8) 96-1|)) 43-6 | 44:2 | 46-1 48-7 

94.4]| 43-79) 591-7} 99.5|)| 46-4 | 46-7 | 48.7 91-3 

83-2|| 42-64) 596-8} 99-0]| 48-0 48-5 50:7 53-4 

80-8)| 45-27| 600-0) 91-2)) 51-2 51-4 593-0 53-8 

93-7|| 47-96) 597-7] 133-3]] 51-1 50-4 | 50-3 50-3 

75-0| 45-54] 590-8} 90-6] 45-4 | 45-5 | 46-5 | 47-6 
88-9]| 49-17/ 595-6] 90-3]} 44-2 44-6 45.9 47-6 

85-6]| 42-17) 598-4) 95-0]) 42-2 | 42-7 | 44.5 | 46.7 

85-9)| 44-46) 593-1} 96-2)| 44-5 44-3 44:6 | 46-0 

78-2|| 43-45! 596-2] 93-4!) 44-0 44.3 45-3 | 46-4 

80-0) 45-87| 603-7} 81-6) 45-1 | 46-1 | 48.5 | 50.8 

89-3)| 44-26) 598-3) 112-2)| 43-0 43:3 44-4 45:3 

80-9) 44-73, 600-8) 109-7|| 43-2 43-7 45-3 46-2 



16 

Gottingen 
Mean 
Time. 

Civil Day. 

May 1 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING MAY AND JUNE, 1850. 

Decln. 

24° 4 

34-70 

3} 590-0 

8 A.M. 

Balce. 

Cor- 
rected. 

Bifil. 
Cor- 

rected. 

mic. div 

86-6 
84-0 

se, div. 

593-2 
591-8 
570-4 

eceeee | weetee 

084-9} 93-3 

Decln. 

940=5 

39-14 
41-77 
41-50 
46-14 

2| 577-0 

}| 567-5 

11 a.m. 

Bifil. | Balce. 

Cor- | Cor- 

rected.|rected. 

sc. div. |mic. div 

574-4) 92.9 

575-6) 119-9 
578-6} 77-3 

564-6] 85.4 

ecoses | coeeee 

68-3 
585-7|—32-5 
578-5) 70-6 

573-6 
572-8 
577-1 
579-9 
574°0 
582-0 

64:0 
54-4 
64-2 
67-2 
67-9 
52-9 

575-4| 78-0 
588-4 

578-9 
572-8 

569-1) 103-5 
561-2) 75-9 

568-5] 105-3 
577-0} 86-3 
567-3] 109-4 
568-3) 97-7 

577-5 
567-3 
574-3 
572:3 
578-6 
571-1 

94-0 
97-7 
99-6 
96-0 
88-4 
97-3 

580-5) 87-3 
568-4) 99-1 
578-0) 100-9 
600-8} 88-3 
575-6] 83-4 
580-1) 97-9 

2 P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.| rected. 

Decln. 

24° + 

sc. div. |mic. div 

583-8) 98-2 

589-2} 83.4 

588-4| 73-8 

584-8} 94.9 

46-21 
49-17 
52-87 
51-05 

45-67) 585-3) 82-2 
50-58) 582-3) 77-0 
52-73] 600-9} 97-9 

seeeees 

48-16] 588-8} 71-3 
50-98] 581-2) 73-0 
49-24| 587-5) 64-9 
47-56} 584-5) 67-0 
48-36] 585-9} 75-5 

46-21] 577-3) 78-3 
48-30] 595-4) 69-2 
47-49] 591-1] 74-9 
49-30) 590-2} 65-1 
47-89] 595-0) 68-7 
46-68] 586-9} 68-8) 

50-78] 586-3) 75-8 
51-46] 578-6) 68-9 
47-49) 587-8} 70-7 
48-43) 584-4) 59-1 
46-95] 594-9) 65-5) 
48-90} 594-9} 61-7 

47°49) 589-3 
49-44] 584-9 
48-16) 586-2 
50-78) 607-7 
45-67| 587-9 
53-00| 575-7 

74-3 
87-2 

46-61 
49-98 
49-77 
48-56 
48-63 
47-35 

584-2 
580-3 
584-7 
589-0 
593-9 
580-6 

48-30 
48-77 
47-29) 591-4 
46:75] 583-4 
45-07] 591-9 

588-6 
597-7 

5 P.M. 

Decln.| Bifil. | Balce. 
24° 4 Cor- | Cor- 

rected. |rected. 

i se. diy. |mic. div 

44-86) 600-0) 86-4 

38-67| 602-0) 85-6 

50-11] 628-0) 94-3 
43-65] 599-1] 109-7 

39-27| 599-4} 92-1 

47-56} 594-8 

47-49] 592-9 
47-42) 588-8 
47-15] 593-8 
50-85} 598-0 
47-96) 593-0 
36-58] 590-4 

603-5) 87-9 
596-9) 141-5 

eoccce | eeeeee | Sceceee 

607-8} 91-3 
599-3} 91-1 

634.2) 148-9 
611-6) 108-9 
598-0) 83-0 
599°2) 85-0 
606-4) 75-9 
611-5} 85-3 

41-63] 593-2) 83.2 
41-30] 601-1} 81-2 
41-97| 610-5) 87-5 
42-57] 600-2) 80-5 
41-97| 604-2} 85-2 
39-81] 601-5|-110°9 

614-0} 83-8 
594-9} 89-2 
606-7} 82-9 
597-3} 77:3 
602-9} 81-5 
608-2) 68-7 

45-60 
44-59 
45-47 
43-79 
42-78 
46-21 

43-92 
42-58 

622-0) 106-0 
594-7) 111-7 

46-55) 593-2} 86-9 
48-77| 634-6] 155-5 
44-26] 605-4 102-4 
42-91} 602-5) 139-8 

38-00} 610-2) 113-7 
46-75) 605-3] 116-7 
43-65] 606-9 
43-32) 627-2 
45-13] 615-7 
42-31) 602-4 

36-65) 602-3 
43-99) 601-3 
38-00} 595-2 
43-25] 594-4 
40-89) 595-4 
41-57) 604-8 

44-73) 601-5 
44-86) 597-8 
43-85] 602-0 
49-37) 614-9 
46-08) 601-1 
47-76) 591-5 

Temperature of Bifilar and ~ 
Balance. 

weeeee 



Gottingen 
Mean 
Time. 

Civil Day. 

July 

DAILy OBSERVATIONS OF MAGNETOMETERS DURING JULY AND AveusT, 1850. 

ereeee | seceee 

41-63 
33-42) 587-1 
34.16] 575-0 
33°83) 577-1 
39-34) 578-5 
31-81) 580-9 

32-35 
34-63 
32-82 
29-33 
29-39 
41-03 

579-1 
585-5 
580-6 
584-9 
574-0 
572-0 

30-19 
33-15 
33°22 
30-39 
31-94 
30-33 

980-4 
585-9 
584-0 
579-9 
580-6 
570-0 

588-3 
570-0 
579-0 
586-5 
591-1 
587-0 

38-27 
35-58 
31-94 
32:89 
33-02 
34-70 

33-83 
29-92 
34-16 
33-36 
29-65 
33-49 

577-7 
576-6 
587-9 
585-2 
588-6 
081-3 

eeacee | seeeee 

. | Balee. 

Cor- 
.|rected. 

iv.|mic. div 

98-1 

seeewe 

11 A.M. 

seeeee 

| Bifil. 
Cor- 

rected. 

sc. div. 

577-0 
549-8 

569-4 

578:8 

576-3 

589-2 

578-4 
574-2 
573-4 
566-3 
560-5 
564-9 

573-1 
567-7 
569-0 
566-1 
577-9 
584:5 

575-3 
573-6 
568-2 
571-3 
572-4 
572-2 

553-6 
576-6 
572-3 
574-6 
583-1 
081-3 

572-6 
577-7 
575-2 
571-6 
576-5 
554:8 

564-2 
568-8 
575:3 
584-2 
578-4 
582-2 

574-8 
573-1 
975°3 
576:°3 
571-7 
676-1 

572-2 
079-0 

| 574-7 

576-3 
576-6 

5 P.M. 

Balce. 
Cor- 

rected, 

mic. div 

90-4 

see eee 

Decln. 

24°+ 

46-41 
50-11 
44-93 
48-97 
46:95 
50-85 

49-64 
42.31 
47-35 
46-14 
46-08 
46-68 

44-86 
45-20 
45-87 
46-21 
44.26 
42.44 

46-14 
+3) 37-56 

34-84 
47-15 
43-92 
43-72 

45-34 
40-49 
44-12 
43-92 
43-18 

| 45-54 

47-56 
49-03 
46-61 
46-34 

|| 47-82 
49-03 

48-56 
43-45 
44-59 
45-13 
42-98 
44-76 

| 44-93 
46-28 

| 42-91 
45-60 

| 46-48 
44.39 

Bifil. 
Cor- 

rected. 

sc. div. 

581-2 

610-1 

Balce. 

Cor- 
rected. 

Decln. 

24° 4 

mic. div 

86-4 

103-8 

87-2 
75-0 

43-92 
41-37 
43-18 
43-65 
36-11 
49-64 

42-91 
46-68 
46-34 
47-15 
47-62 
42-91 

44-19 
41-57 
42:84 
46-21 
38-94 
41-30 

41-50 
41-03 
45.94 
41-84 
39-75 
40-56 

42-71 
36-92 
40-56 
42-44 
41-30 
42.44 

40-42 
39-61 
38-80 
39-61 
41-10 
40-01 

39-34 
38-80 
44-53 
40-01 
41-97 
39-34 

39-27 
40-56 
39:07 
36:99 
40-76 
38-53 “I [nl ww 

weeves || wee eee 

63-7|| 39-48] 6 
67-0) 38-47 

Bifil. 
Cor- 

rected. 

Balce. 
Cor- 

rected. 

mic. diy 

98-9 
112.2 
108-8 

111-6 

94-8 
131-6 

se. diy. 

599-7 
590-1 
594-5 

592-7 
600-9 
625-9 

600-4 
622-4 
596-1 
642-8 
558-1 
596:3 

95-7 
125-8 
101-1 
123-7 
240-7 
107-9 

619-6 
594.4 
588-8] 105-7 
593-9} 102-8 
595-7| 105-3 
610-0) 112-7 

119-1 
147-6 

600-0 
591-7 
633-3 
600-2 
602-3 
600-8 

98-6 
96:3 
79-6 
92-6 
87-9 
87-9 

605-4 
630-5 
595-2 
604-2 
608-4 
603-2 

95-0 
90-6 

598-4 
603-8 
606:8 
601-6 
607-4 
602-0 

602-9 
598-4 
598-9 
601-8 
598-2 
600-2 

594.9 
596-3 
602-6 
605-4 
627-4 
602-4 

seeree | soenee 

17 

Temperature of Bifilar and 
Balance. 

8 A.M. 11 a.m. 

eeeeee 



18  DaAtLy OBSERVATIONS OF MAGNETOMETERS DURING SEPTEMBER AND OCTOBER, 1850. 

Gottingen 
Mean 
Time. 

Civil Day. 

11 aM. 

Bifil. | Balce. 

Cor- | Cor- 
rected. rected. 

5 P.M. 

Decln,| Bifil. | Balce. 
Cc 

se, div. |mic. div 

578-9} 59-4 

572-4] 71-9 
578-6| 63-4 
560-4| 79-3 

577-0| 86-6 
558-5) 388-0 

573-7| 81-1 
562-7| 83-6 
570-9) 83-3 
564-8) 81-3 
575-1) 75-4 
575-6) 73-6 

572-7 67-9 
576-3] 67-3 
576-9} 62-8 
577-6) 66-8 
574-7| 70-8 
577-8) 70-8 

575-2) 70-6 
567-8) 70-2 
564-8) 74-1 
570-4) 80-7 
577-9| 81-4 
573-5} 71-9 

574-2) 72-8 
553-0) 66-0 
576-9} 90-2 
569-1] 82-4 
570-5) 78-1 
567-3) 82-0 

584-1) 72-7 
575-4| 77-5 
564-5) 90-9 
570-8) 88-5 
576-1} 73-0 
574-8] 73:8 

593-9} 54-9 
084-0} 68-9 
581-0) 74-0 

| Bifil. | Balce. 
Cor- | Cor- 

rected. |rected. 

se. div. |mic. div 

583-8} 95-2 
585-5) 82-6 
597-1] 109.4 
520-9) 165-2 
612-4] 152-3 
589-7] 106-9 

598-6) 93-7 
625-6] 153-8 
596-6) 80-3 
600-9) 110-3 
606-2} 70-3 
601-3} 88-8 

599-5) 81-6 
596-4) 71-8 
098-1} 68-9 
598-0} 84-2 
599-1) 72-4 
597-8) 66-7 

597-9) 72-0 
606-1} 98-0 

ececee | coecee 

Temperature of Bifilar and 

11 a.M.| 2 P.M. 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING NOVEMBER AND DECEMBER, 1850. 19 

cee 8 AM. 1L A.M. 2PM. 5 PM. Temperature of Bifilar and 

Time. 
Balance. 

Decin,| Bifil. Balce. Decin,| Bifil. Balce. Declae Bifil. | Balce. Decln,| Bifil. | Balce. 

24° 4 Cor- | Cor- 24° 4. Cor- | Cor- 24° + Cor- | Cor- 24° 4. Cor- | Cor- || 8 a.m. | 11 4.M.| 2 P.M. 
rected.|rected. rected.|rected. rected.|rected. rected.|rected. 

Civil Day. 

a se. div. |mic. div U4 se. div. |mic. div é sc. diy. |mic. div Us sc, div. |mic. div OQ S ei 

33-89] 590-6} 73-4|| 36-52] 580-3) 74-3] 41-97] 586-7| 77-2)| 35-51] 587-2) 91-5) 50-6 | 51-5 | 52-6 

31-94) 593-7) 70-0|| 35-51) 574-0} 75-2| 40-01] 588-6] 69-1] 36-25| 594-4) 70-5) 54-0 | 54-2 | 54.3 

33-42| 593-2) 64-8] 37-12) 580-0) 67-6)| 33-76] 588-9) 67-7|| 36-11) 596-1) 72-3]| 50-5 | 50-2 | 49-9 
33-22) 595-1) 74-3|| 36-18) 580-6) 71-5) 38-80) 588-6} 74-3) 35-98] 597-2) 72-7|| 46-1 | 46-7 | 48-0 
33-42| 584-2) 72-6] 34-77] 580-8] 74-8] 38-87| 583-0) 71-5] 35-10) 602-0) 74-1] 45-9 | 45-7 | 47-0 
35-17| 593-7) 70-7|| 35-98] 583-3] 76-0)| 42-58] 580-8) 76-4|| 35-44) 592-7) 87-7|| 47-6 | 48-5 | 48-9 
36-72) 592-9) 69-8])| 36-58) 585-4) 69-0) 39-21) 584-3] 72-7) 36-85) 590-7) 85-6) 46-1 | 45-6 | 46-4 
35-04/ 598-0) 72-2) 37-59] 588-4) 75-9] 40-42) 591-3) 75-5|| 37-26] 595-6} 80-5|| 45-0 | 44-8 | 44-7 

34-16] 593-5) 71-5]| 37-12) 582-3) 73-3) 41-97| 584-2) 84-9] 40-63) 593-1} 99-9]| 52-9 | 53-1 | 53-7 
33-56] 588-2) 71-4|| 37-26] 587-5| 71-6|| 42-84] 596-3) 75-1] 30-86] 593-5) 119-3), 49-9 | 48-7 | 48-6 
33-83] 570-6) 71-2) 36-72) 587-5) 63-4] ------ seer : 
33-42) 592-4| 75-7] 37-26] 587-2| 78-9) 38-47) 593-2| 74-5) 37-26) 598-0} 86-9] 37-7 | 36-8 | 37-0 
33-96] 593-6} 74-5]| 36-52) 588-4) 67-7] 40-15] 593-3) 74-7) 36-72| 593-1] 77-5|| 34-7 | 34-2 | 34.3 
34-30) 569-5) 70-0|| 37-59) 589-6) 69-9] 39-81] 603-1) 78-8) 35-24) 598-0} 77-2] 36-7 | 38-2 | 40-3 

32-55| 599-7| 64-1]) 35-24) 590-1] 63-1|/ 38-06] 594-9| 66-9] 35-98] 603-2) 69-7|| 44-7 | 45-6 | 47-3 
32-82) 601-5} 61-4) 35-84) 592-2) 61-5] 38-00/ 600-2) 65-6) 38-80) 600-2) 76-9]| 46-3 | 46-3 | 46-5 
33-56] 599-0} 61-9] 35-64/ 590-0} 66-3] 37-32) 574-5) 72-6|| 35-84) 600-3) 72-6)) 45-1 | 44-5 | 45.2 
33-96] 598-4] 65-2/| 36-32) 591-6) 64-4] 38-74) 596-1] 67-4|| 37-46) 589-7| 60-5) 41-1 | 40-6 | 41-0 
33-15] 600-3) 55-5|| 36-65] 592-6) 63-4) 37-12| 600-5) 66-8] 35-51) 602-4) 69-4) 46-3 | 46-7 | 47-3 

34-30) 597-8) 67-1|| 35-04) 593-6) 62-7] 45-54| 597-5} 65-8] 39-34) 606-9] 67-4] 46-4 | 45-9 | 46-6 
39-61) 593-5) 54-8) 36-92) 587-4) 63-1|| 42-37|596-7| 68-7] 39-01) 593-1) 82-9]| 43-9 | 43-5 | 43-1 
33-96| 594-8] 71-2) 36-79] 587-5) 70-7|| 36-45] 592-1) 73-8] 42-98) 595-7) 72-5]| 40-1 | 38-8 | 38-7 
34-57| 595-2) 66-8|| 35-10) 587-0! 68-2|| 38-20) 597-2} 69-7|| 37-79] 601-6) 75-0) 33-3 | 31-8 | 32-1 
33-83) 599-2| 67-1) 36-11} 593-5} 71-5] 38-20/ 599-8) 69-7] 36-11] 604-0} 65-5) 31-6 | 31-4 | 32-8 
35-31) 597-1) 58-9|| 37-73) 585-4) 72-7|| 41-10] 597-4) 88-2) 36-92) 592.4) 94-5] 31-4 | 30-0 | 30-7 

34-30} 599-3) 63-0)) 35-37| 589-3) 67-0) 38-47| 595-5} 70-5|| 35-24) 602-4) 64-3] 33-1 | 33-6 | 35-0 
34-16] 599-9) 62-1] 43-25) 592-1! 65-2|| 38-20) 592-3) 73-5) 35-78) 599-1] 75-4] 42-7 | 43-1 | 43-4 
36-38] 602-5) 54-6|| 38-60) 596-0} 57-6] 32-75) 598-1) 69-2)| 35-84/ 603-9} 68-2] 44-1 | 45-0 | 45-6 
32-35] 598-4] 62-0] 34-84) 594-3) 61-7|| 36-45) 595-3) 62-6) 35-58) 602-0) 68-3] 45.3 | 45-1 | 45-9 
33-76] 600-1] 55-8|| 34-43| 594.9) 62-7|| 44-59] 600-7| 66-7|| 35-04| 604-2) 65-0] 49-5 | 49-2 | 50-5 
34-10) 597-9) 47-2|| 36-38) 589-0} 65-4] 38-94) 598-1) 67-5] 37-73] 600-3} 64-1] 44-0 | 42-5 | 42-8 

35-51} 599-9) 65-9) 36-99) 595-6) 65-6) 38-00) 600-8) 66-4|| 35-64) 597-7} 74-1) 35-2 | 34-1 | 34:5 
33-76] 601-6) 65-4|| 36-52| 594-4] 64-8) 38.53) 597-6) 65-9] 37-12| 600-6) 66-2)| 32-1 | 31-0 | 31-2 
37-06] 596-5) 61-8]| 36-58) 601-4) 65-4) 39-61) 604-5) 67-9] 38-60] 598-5) 73-0)) 33-2 | 33-1 | 34-3 
35-58] 599-2} 66-6] 36-79) 594-4) 66-7|| 37-73) 605-3) 64-5) 34-97] 604-8} 65-1] 40-0 | 39-9 | 41-6 
34-16] 598-3) 73-0|| 35-37] 596-1} 70-3) 36-38) 600-9) 68-2|| 33-89) 603-0) 62-8] 41-1 | 41-8 | 42-5 
33-89] 599-2) 63-4) 36-65) 595-9) 66-1) 37-79) 597-4) 66-4! 34-84) 602-1} 66-7| 41-9 | 41-0 | 41-1 

34-57| 595-3) 65-4|| 33-83) 594-8) 73-3/| 36-65) 598-0) 72-9|| 34-90) 599-3} 67-0] 39-1 | 39.2 | 40-5 
46-01] 598-4| 14-1] 45-38] 568-3) 77-3|| 36-45) 590-3) 81-8] 42-04) 589-3] 104-0|| 39-0 | 38-8 | 38-8 
33-49| 587-6) 72-0) 37-12) 587-1) 75-1] 37-12) 591-4) 73-6|| 36-99] 589-8} 74-5) 36-3 | 35-3 | 35.4 
33-96] 570-9) 69-2|| 36-25] 586-7| 75-2)| 37-26) 593-3) 78-6) 35-58) 596-1) 72-4) 31-4 | 30-7 | 30-8 
33-63) 594-4) 62-3] 36-11) 590-6} 63-2) 35-91] 594-5) 72-5) 35-44) 598-7} 72-8] 32-1 | 31-6 | 32-0 
37-59| 601-7] 64-4) 37-86] 594-0) 66-1] 36-18/596-9| 76-5] 34-90) 601-2} 67-9] 34-1 | 34-3 | 36-8 

34-84) 600-4) 66-3|| 37-19) 592-2) 65-8] 36-58) 599-5) 65-5) 34-63] 604-5) 70-1) 41-0 | 41-1 | 41-5 
34-23] 599-9) 68-0|| 35-10) 592-3) 66-3|| 35-78) 596-8) 65-6|| 54-57| 600-3) 66-7|| 43-9 | 43-9 | 44.2 
40-15] 601-9} 64-9) 36-45) 585-3} 72-2) 39-34) 595-8) 71-0] 35-71] 597-4] 71-8]| 42-0 | 41-2 | 41-0 
33°09] 598-9} 67-9|| 35-17) 593-2) 73-0|| 46-68) 542-4) 135-5|| 39-54) 596-6] 86-5)| 40-9 | 41-8 |. 43-0 
33-15| 597-4| 68-0) 35-58) 596-5) 66-5) 37-19] 591-0) 73-4|| 32-48) 585-9] 161-8]| 43-6 | 44-1 | 45-0 
34-50) 586-9} 50-7|| 36-72) 594-5) 68-2)! 35-24) 594-7) 80-6|| 34-90) 595-1] 76-4) 42-5 | 42-1 | 42-8 

FS DOWGO [2G 7 Olea cau luceis ae calitc ceia hl lUeeeceNl aeaemcdlieccitecdlll pstinddl vootieeil Gacsieon AAR Quien ceis |e oneeeel sace+ 

33-36] 598-9] 63-3|| 36-79) 592-1) 66-2) 38-53) 595-3) 72-8] 35-51) 598-3) 73-2) 44-1 43-6 | 43-2 | 



20 Datuy OBSERVATIONS OF MAGNETOMETERS DURING JANUARY AND FEBRUARY, 1851. 

Goniaeen ena fr. ee, 5 P.M. Temperature of Bifilar and pees Balance. { 

Bifil. | Balce. Bifil. | Balce-. Bifil. | Balce. Bifil. | Balce. Decln. Decln. Decln, Decln. 
Civil Day. 24° 4, Cor- | Cor- O4° 4 Cor- | Cor- 24° 4. Cor- | Cor- 24° 4 Cor- | Cor- || 8 a.M. | 11 4.m.| 2 p.m. | 5 P.M. 

rected.|rected. rected.| rected. rected.| rected. rected.|rected. 

2 sc. div.|mic. div|| / sc. div. |mic, div < se. div. |mic. div t se. diy. |Mic. div om 2 = a 

Jan. 1 | 33.29)599-9| 61-3) 34-23| 594-7] 66-8] 41-50) 594-5) 78-0) 40-15|590-5| 80-1] 48-4 | 48-6 | 48-5 | 48-2 

2 || 33-15) 599-1) 63-9) 34.30) 591-4] 68.4]| 35-71] 591-7| 73-4|| 34-84) 597-3) 73-9] 49-0 | 47-9 | 47-8 | 47-4 

3 || 32-95) 581-2) 66-6] 33-83)575-1| 66-3|| 36-45) 596-2) 70-2) 34-84/599.6| 71-0] 40-6 | 39-1 39-5 | 40-1 

4 | 33-56) 601-4| 65-7|| 35-51] 592-2) 68-1|) 36-92] 600-3} 68-0) 34-77] 603-4) 74-6) 34-3 | 33:3 | 33-1 | 33-3 

40-08) 603-3} 61-5) 35-58] 594-8] 59-0] 37-19] 600-0} 63-3] 34-43) 603-0) 65-4) 38-9 | 38-6 | 39-1 | 40-7 
32-89) 603-2) 60-5] 34-50) 599-4) 58-6]| 37-46] 598-5) 60-9) 34-70) 605-0) 62-4 37-0 | 35-9 | 35.4 | 35-2 

-02| 609-4) 56-4! 34-10] 594-9} 59-6] 37-66) 598-3) 62-9) 35-10) 604-5) 64-7) 34-8 | 34-3 | 35-0 | 35-3 
32-82) 603-7| 60-9)| 35-44| 594.5) 61-2)| 38-20) 599-8) 62-2) 35-37| 601-6} 63-4) 36-0 | 36-0 | 36-8 | 38-3 
32-68] 602-5} 58-0) 35-71] 596-5) 65-4) 39-14) 598-5) 60-6) 35-04) 604-4) 67-3) 36-6 | 36-9 | 37-4 | 38-9 
33-22) 603-4) 57-9) 35-37/ 598-7} 65-0) 37-73) 599-8] 57-4) 34-63] 602-3} 59-2) 46-2 | 46-6 | 47-3 | 47-7 FPooaonte 

ow is) i=) bo 

— 

13 || 32-41) 602-5) 63-3] 34-23] 593-7) 63-5] 36-32) 597-1] 62-0) 35-64) 604-5) 57-G)| 43-3 | 43-4 | 44-6 | 45-6 
14 || 32-01) 602-4) 56-5] 34-77) 596-8) 57-6|| 38-53) 600-5| 57-3) 37-73) 601-0; 61-0)| 45-5 | 45-4 | 45-7 | 46-0 
15 || 32-48] 601-4) 60-9) 33-63) 593-8) 59-7) 38-06) 597-4) 61-1] 34-97| 605.3) 61-4) 44-5 | 43-6 | 43-9 | 43.4 
16 || 31-81] 599-0} 61-3)| 34-37) 590-8) 60-3] 35-31] 601-9) 73-0) 39-68) 610-1; 72-7 43-1 | 42-1 | 41-6 | 41-5 
17 | 40-08] 583-0] 78-7|| 34-57| 586-1) 76-4|| 39-07| 587-3} 83-4) 36-18) 572-2) 75-5) 44-6 | 44.1 | 44.2 | 44.3 
18 || 31-74] 590-2) 73-9) 34-30) 572-6) 73-3] 40-70) 581-3} 99-9) 35-10) 591-9) 95-5) 41-6 | 40-6 | 40-9 | 41-6 

20 || 43-79) 590-4/—-11-4!| 38-60] 543-1} 66-2) 53-47| 588-2) 121-2) 43-18] 578.5] 130-3)| 44:3 | 44-5 | 44-8 | 45-1 

21 | 33-11] 576-6] 79-2) 34-23} 593-9] 77.0|| 40-15] 580-4) 82-8) 36-65] 602-0) 114-0] 44-0 | 42.3 | 43-1 | 43-6 

22 | 31-14| 590-7] 64-1] 37-86) 583-9] 66-3] 40-83] 591-4) 88-6] 37-93) 596-9] 100-4) 38-6 | 38-2 | 39-4 | 40-5 

23 || 33-15) 591-7| 71-6] 34-63] 588-4] 76.6|| 42-58) 581-1] 84-7] 38-80] 590-1} 87-9) 38-7 | 38-9 | 39-5 | 41-4 
24 || 32-75) 598-4) 75-1] 34-63] 588-4) '74.4]| ----+ | ences petacepore | l-sieintese ety opnemete nll asters 41 <6, |540.0" | seoenenle seen 

25 || 33-15] 597-8] 72-7) 32-75| 586-5} 68-0|| 39-61| 588-0) 66-5] 34-77| 594-9] 72-3)| 40-6 | 40-1 | 40-1 40-0. 

27 || 32-62) 597-4| 74-2] 34.84) 593-5) 74.6] 38-53| 589-3] 66-7] 38-00) 595.2} 81-4] 38-5 | 38-5 | 38-2 | 39-7 
28 | 33-09) 601-1} 67-2) 35-10) 591-0] 63-8] 38-00) 596-3) 68-8]| 35-84) 596-3) 66-5] 38-3 | 38-0 | 39-5 | 40-5 
29 || 34-50) 593-1) 60-3) 34-50) 589-2) 71-6] 39-27| 595-3) 73-6] 35-37/ 598-1] 77-3] 40-6 | 41-6 | 43-4 | 45.2 
30 | 32-89] 593-5) 71-1) 33-56) 588-5) 71-7] 37-66) 593-0| 67-6) 35-24) 594-5} 69-6]| 41-4 | 40-6 | 41-0 | 42-1 
31 | 32-08) 596-1) 68-2) 32-75) 583-0} 73-8|| 37-79) 591-9} 68-0) 34-84) 597-6} 70-7) 38-5 | 37-7 | 37-5 | 38-2 

Feb. 1 | 32-35] 608-2) 62-6) 34-03/ 596-2} 62-8|| 39-75] 601-1] 64-7|| 38-40) 602-2} 70-3) 38-0 | 37-3 | 37-6 | 38-6 

32-15] 602-7) 66-0] 34-63) 591-7| 64.6] 41-77] 586-3} 60-7) 35-37/593-5| 69-5] 36-7 | 36-8 | 37-0 | 37-5 
32-35] 597-9] 67-2) 33-36) 590-9} 69-4|| 36-05) 596-6] 54-9) 34-16] 599.3) 65-1]) 36-2 | 36-2 | 37-0 | 39-4 
32-68] 601-9} 63-3) 34-37] 590-7| 69-5|| 36-85] 595-3) 59-7] 34-50] 603-2} 64-6] 38-2 | 38-6 | 39-8 | 41-9 
37-26] 592-7) 62-5] 37-19] 580.9] 72-3] 40-22) 582-5} 84-8] 34-77/ 590-3] 87-3] 40-7 | 40-0 | 40-2 | 41-2] 
32-01| 596-3) 74-5|| 33-42) 582-1] 73-8]| 38-13) 589-6) 73-5|| 33-89) 595-4) 73-5) 39-5 | 40-0 | 41-6 | 43-7 
29-85] 597-2) 73-7) 33-96] 605-8] 67-2) 38-87| 572-0] 49-6)| 34-23) 599-3) 69-0) 44-8 | 44-0 | 44-2 | 45-1_ MraID op w 

10 || 31-48) 597-4) 72-7) 36-72| 589-4) 72-7] 39-54) 590-1) 66-9) 38-87| 599-2} 81-7) 40-9 | 41-1 | 42-0 | 42-7. 
11 || 30-94) 595-0) 62-5) 33-89] 588-8] 68-4) 37-19] 599-4) 77-6) 36-45) 597-8) 78-4) 44-3 | 44-6 | 45-3 | 45-9. 
12 || 32-89) 594-2} 67-6| 36-58) 594-2) 64.9] 36-52| 595-8] 72-6] 26-44| 602-9) 97-1] 45-7 | 45-5 | 45-5 | 45.2 
13 || 32-48) 595-8) 68-3) 34-16) 593-0} 68-0) 35-98] 580-9) 72-1) 35-78) 598-1) 72-4] 41-3 | 40-3 | 40-5 | 40-8 
14 | 31-81) 598-4) 64-2) 34.10) 592-5) 73-4) 38-27| 595-4 71-0) 34-90] 603-0} 70-1) 39-7 | 39-9 | 40-3 | 41-4 
15 || 31-74] 599-5) 57-2) 33-56) 598-2] 60-8] 38-33] 600-2) 66-5) 37-12) 600-1] 71-9]| 40-9 | 41-2 | 43.1 | 44-7 

17 || 32-62) 603-2) 55-7) 38-13] 593-6] 68-9|| 37-86] 599-8] 72-6] 34-23) 598-7| 75-9) 40-3 | 39-9 | 41-1 | 43:5 
18 || 33-76] 601-8) 59-7) 33-70) 591-7| 63-7) 36-65] 599-1] 60-5] 40-76/ 618-0) 73-2] 43-0 | 43-2 | 44-2 | 45-2 
19 || 32.95] 574-2) 26-6) 35-71] 576-6] 79-9|| 37-26] 596-8) 78-2|| 24-33] 608-8| 161-2] 48-6 | 49-1 | 50-5 | 51-4— 
20 || 33-49) 583-9} 74-3)| 34-43) 574-6] 74-6) 41-50) 603-9} 85-3) 33-89) 613-1] 88-3] 48-1 | 47-2 | 47-1 | 47-5] 
21 || 32-75) 588-2) 82-8) 34-10) 579-1] 76-9]| 38-47| 586-7} 70-7] 35-31] 595-6] 68-1) 42-3 | 41-1 | 42-5 | 45-5] 
22 | 32-08/ 592-1) 74-3) 37-32) 581-1] 69-8] 39-14) 579-0) 71-7||34-97| 599-4) 83-3] 39-8 | 38-0 | 38-4 | 40-9 | 

24 || 33-15) 599-2) 61-9) 37-32) 576-6) 67-5) 37-53) 583-0] 75-3] 34-77) 599-9] 78-2) 37-6 | 37-5 | 38-6 | 39-5 a 
25 || 38-80] 595-5} 38-9) 34-77| 586-8] 59-1|| 41-23) 594-7| 84-2) 34-43) 595-9] 75-9] 39-7 | 39-5 | 40-5 | 414] 
26 || 33-70) 593-6} 63-1] 35-51] 585-6} 81-1] 38-80) 595-0) 73-9) 33-15) 593-3) 74-1]/ 38-6 | 38-2 | 39-1 | 39-9} 
27 || 30-59) 594-6} 71-6] 34-23] 580-5) 66-9] 38-53) 587-7] 66-5] 33-83) 593-8] 71-7] 38-0 | 37-6 | 38-4 | 39-6 a 
28 || 30-94/ 596-9} 69-2) 36-05] 585-5) 64-1) 40-36 598-1] 68-3|| 34-43) 590-9) 79-5] 36-6 | 36-0 | 36-6 38-9 | 



DAILy OBSERVATIONS OF MAGNETOMETERS DURING MARCH AND APRIL, 1851. 21 

ae ce augtr eee eae Da Temperature of Bifilar and 
: 7 ¢ Balance. 

Bifil. | Balce. || pecin,| Bifil. | Balce. |] Decin, Bifil. | Balce. || pegjy,| Bifil. | Balce. 
Civil Day. oti Cor- | Cor- 24° 4 Cor- | Cor- 94° 4 Cor- | Cor- 24° 4. Cor- | Cor- || 8 a.m. |1la.m.| 2 p.m. | 5 p.m. 

rected,|rected. rected.|rected. rected.|rected. rected |rected. 

se. div. |mic. div be sc. div. |mic. div A sc. div.| mic. div Se. diy. ;mic. div se! 2 = 

Mar. 1 ||30-80/583-5| 42-7|| 34-23] 582-2) 66-6|| 41-23) 594-4) 67-3) 36-65] 599-1) 71-3) 37-7 | 37-8 | 38-6 | 39-5 

3 || 33-63] 597-8) 63-1] 37-39) 595-3] 62-6] 38-33) 599-3] 72-4) 35-98) 590-3) 92-4) 37-8 | 38:0 | 39.8 | 42-7 
4 || 31-88] 594-6} 65-7|| 34-16} 592-6} 60-8] 37-86) 597-5) 59-0) 34-90) 596-6) 66-7|| 43-1 | 43-2 | 45-3 | 46.9 
5 || 32-08} 595-8} 68-1]| 34-10) 608-1} 57-4) 37-39) 596-5) 59-7) 33-15) 600-9] 69-7|| 45-6 | 45-5 | 46.2 | 47-1 
6 || 31-21) 599-1] 66-5|| 33-56) 590-7| 62-7|| 38-13) 597-0} 66-3) 35-58) 602.5) 72-5) 39-0 | 38-6 | 39.2 | 40-7 
7 
8 

31-88] 603-1] 63-2|| 35-17) 590-3) 61-9] 40-15) 593-3) 60-1] 36-11] 604-9} 70-3] 36-1 | 35-5 | 37.2 | 39-5 
29-18] 601-7| 47-1) 33-42) 582-8} 55-0) 42-98) 593-3) 64-3] 35-98) 607-5) 75-2) 38-2 | 38-5 | 39-6 | 41-1 

10 || 31-48) 599-9) 56-1|| 35-04) 589-1} 52-0) 42-31] 600-6} 57-6] 39-07| 613-5} 80-1) 40-8 | 40-6 | 41-1 | 42-6 
11 |] 30-59) 595-4! 67-8) 42-44) 575-7) 53-4) 40-70| 597-0) 60-5) 36-72) 597-7) 75-6] 38-2 | 37-7 | 40-1 | 43-5 
12 || 33-56) 595-7| 65-5|| 37-26] 588-6] 64-4) 42-58) 596-5} 69-9] 35-44| 604-0} 58-0] 41-6 | 41-1 | 41-2 | 44-7 
13 || 30-86] 596-4) 63-6) 34-77] 584-2} 64-1|| 40-29) 595-8) 50-6) 34-90) 601-4) 77-7) 40-7 | 40-5 | 42.5 | 44.7 
14 || 31-21) 601-5) 62-7) 35-17) 591-5) 63-3)| 42-98) 601-9) 54-0) 39-95) 605-7| 77-5) 42-4 | 41-9 | 43.4 | 45-1 
15 || 32-48) 589-5) 63-0) 37-06) 580-8) 58-4|| 42-58) 602-1) 68-3) 35-44| 601-8) 76-8) 43-0 | 42-9 | 44-7 | 47-7 

17 || 30-33] 601-1] 64-4|| 33-76) 586-7; 62-8) 40-89| 595-4) 58.9) 34-63] 606-5} 73-4] 41-2 | 40-4 | 41-0 | 42-1 
18 || 30-07| 600-2) 64-0) 34-10) 588.4) 68-8|| 38-80) 597-7} 55-1] 34-30] 598-1} 68-5] 39-6 | 39-4 | 39-7 | 39-8 
19 || 30-19] 600-0} 69-1|| 32-68) 585-7} 58-4)| 34:63) 597-0) 49-5] 35-44) 604-0] 58-0) 40-2 | 41-1 | 42-8 | 44.7 
20 || 30-12/ 610-3} 57-4) 32-68} 598-5} 45-1] 36-25) 604-9} 55-9] 42-44) 595-2) 83-2) 43-0 | 43-2 | 45-1 | 46-9 
21 || 29-33] 595-0} 62-6) 33-15} 583-8} 49-0] 39-48] 604-9} 57.4) 36-25) 614-8} 57-0] 43-7 | 43-1 | 43.5 | 44-7 
22 || 26-16) 601-0} 60-6) 32-08) 587-4) 60-5) 35-71] 598-9) 102-6|| 37-39] 603-7| 65-7|| 42-9 | 42:9 | 44.4 | 46.0 

24 || 30-86) 602-7) 60-8]| 34-57| 591-0) 54-1}| 40-56) 597-5) 53-7) 34-37] 606-3} 67-4)| 44-3 | 44.0 | 44-3 | 45-0 
25 || 30-00] GO1-6| 65-2)| 31-34] 606-1) 50-7] 40-49| 598-6] 47-5|| 34-97] 593-2) 73-0] 44-0 | 43-4] 43-8 | 44.2 
26 || 39-33] 599-9} 66-0) 32-08] 583-8] 60-0} 39-75] 594-1) 60-1] 34-23) 605-1] 62-8)| 43-9 | 43-8 | 44.2 | 44.6 
27 || 28-72| 605-8) 59-4|| 31-14) 589-8] 50-3) 39-54] 595-3) 88-1] 36-58) 605-7| 61-5) 41-6 | 41-8 | 43-3 | 44-8 
28 || 31-94) 596-5) 51-4|| 30-86} 608-7) 55-0) 42-44) 586-5) 56-5]) 36-52) 600-8) 59-3) 43-0 | 43-1 |] 44-5 | 45-8 
29 || 35-10] 602-8) 19-0)| 37-86| 569-4) 32-9)| 41-23) 601-8} 64-9] 37-12) 603-3) 46-3)/ 42-5 | 42-8 | 44-8 | 46.4 

31 || 28-58] 596-5] 62-9|| 32-35) 583-7) 58-2) 42-24| 594-1) 58-1! 36-99] 605-1) 59-2) 41-6 | 41-7 | 43-0 | 44-1 
April 1 || 28-92) 598-5) 62-1] 32-55] 603-0) 58-7|| 34-63] 596-9} 53-0] 37-46) 605-6] 67-7] 43-4 | 43-3 | 44-9 | 46-7 

2 || 25-83] 598-8] 58-4|| 35-04] 606-9} 50-0] 41-90] 601-3) 48-1] 36-79] 612-3) 54-5] 45-2 | 45-5 | 46-6 | 48-3 
3 || 27-91) 602-6) 64-3|| 33-56) 583-8) 47-4|| 41-16) 598-7) 48-2) 36-65) 609-9) 60-5)| 46-3 | 46-4 | 48-0 | 49-5 
4 || 27-71| 604-6] 46-0|| 34-43] 606-7] 38-3) 35-71) 590-1) 50-0) 31-81} 612-8] 71-3] 45-8 | 45.6 | 46-5 | 48-7 
5 || 27-64) 593-9) 59-9] 32-28) 607-4) 48-0] 42-24) 611-5} 49-5) 40-29] 625.8} 81-0) 44:9 | 45.1 | 46:9 | 47-7 

7 || 28-58] 602-1} 50-6] 32-82) 584-0} 55-4)| 42-04) 596-2) 46-2) 37-93/ 610-9] 74-0) 43-4 | 44.1 | 46-5 | 47-6 
8 || 26-03] 598-7} 51-6] 31-54) 580-1] 58-0) 42-17) 594-9) 59-6) 36-79] 606-9] 60-6) 42-0 | 41-3 | 41-5 | 42-0 
9 || 27-64) 604-0} 60-8] 32:48) 587-7) 51-9)| 42-17] 594-8) 48-1|| 35-24| 609-2) 52-2) 41-0 | 41-7 | 43-0 | 44-8 

10 || 27-11) 601-7} 58-0) 32-62) 588.3) 51-5] --+-++ | seeeee seeees || 36-92) 612-1] 70-1] 40-7 | 40-8 | ----+- 45-2 
11 || 27-44) 603-5} 58-6]) 29-25) 588-6) 58-6] 40-36) 594-9} 44-3) 37-53) 605-3] 48-8]| 42-0 | 41-8 | 44.3 | 46-3 
12 || 27-85) 604-8} 68-5] 37-19} 590-4) 49-6) 39-27) 593-8| 39-8] 34-43] 604-4) 72-6) 43.6 | 44.0 | 45-8 | 46.4 

14 || 28-04) 604-0) 53-0) 33-89) 585-6) 46-4|| 40-63) 587-5} 57-9) 35-58) 602-9} 51-5) 42-0 | 42.4 | 43-6 | 45-1 
15 || 26-10) 600-6) 60-7|| 32-21) 589-1] 38-4) 43-85) 588-7) 45-3) 35-84) 606-3) 66-9) 42:5 | 42-8 | 44.3 | 45-6 
16 || 26-70| 600-1}. 65-5|| 30-73) 579-5) 65-1] 41-57| 594-3) 51-6] 36-38] 612-8} 63-9] 42-9 | 43-2 | 44-9 | 45-6 
17 || 26-29] 602-9} 56-4) 31-54) 580-4} 44-0) 46-01) 602-6) 44-9) 37-12) 617-2) 82-5) 44.0 | 43.9 | 44-0 | 44-6 
18 || 25-96] 598-2} 65-8] 34-16| 599-3] 106-0] ---+++ | e+e | see eee 35:31] 603-6) 67-2) 45-9 | 47-4 | «+++» | 50-5 
19 || 26-43] 602-4) 58-9) 32-08] 580-9) 61-3] 40-49) 611-4) 49-1] 34-37) 605-2) 60-2) 46-3 | 46-4 | 47-8 | 50-7 

21 || 38-53) 593-2) 29-0) 35-98) 573-5| 54-3|| 39-68] 599-0} 69-9) 33-96 601-4) 131-7] 52-2 | 52-2 | 53-4 | 55-1 
22 || 29-05] 595-9} 58-8] 35-31|579-9| 62-7) 40-70) 590-2) 62-9|| 36-65) 604-6} 85-4] 51-1 | 51-2 | 52-2 | 54.4 
23 || 26-70] 600-9} 81-9] 31-21) 589-0) 60-7)| 39-81| 592-1) 74-3) 34-10) 604-9} 84-1!) 50-5 | 50-0 | 51-1 | 52-1 
24 || 28-92) 586-5) 79-7] 33-63) 598-2) 92-0) 38-00) 592-4) 65-3) 31-21) 607-8) 75-9)| 47-0 | 46-7 | 47-3 | 48-9 
25 || 29-52| 596-6} 70-3) 31-67| 588-1} 80-8) 38-68] 594-7| 54-9|| 36-85] 614-3) 80-6|| 46-6 | 47-0 | 48-7 | 50-3 
26 || 25-69) 594-5) 74-5) 31-67) 586-4) 68-0) 39-41) 599-5) 38-1] 36-52) 602-3) 73-4|| 46-1 | 45-4 | 46-4 | 47-2 

28 || 28-18] 608-7} 26-4|| 31-41| 603-0! 49-7|| 38-94] 602-8| 53-3] 35-78, 610-1 65-7|| 39-6 | 40-8 | 41-6 | 43-0 
29 || 26-97| 608-2} 52-0] 31-34) 586-4) 64-6) 38-94) 595-2) 56-0) 34-57| 607-8) 52-3) 40-6 | 40-9 | 42-0 | 43-3 
30 || 26-83] 600-2, 58-8)| 28-52) 587-2) 57-9) 35-78/ 598-9} 35-2) 34-43) 618-2, 68-1] 42-0 | 42.0} 43-9 | 46.2 



22 DaILy OBSERVATIONS OF MAGNETOMETERS DURING MAy AND JUNE, 1851. 

Stti Gapiacen ig ta! it ae es aes Temperature of Bifilar and i 
ld 

Balance. 

Tr Decln,| Bifil. Balce. |] Degin,| Bifil. | Balce. Decln,| Bifil. | Balce. || pegj,| Bifil. | Balce. 

Civil Day. 24° 4 Cor- | Cor- 24° 4 Cor- | Cor- 4° + Cor- | Cor- 24° + Cor- | Cor- || 8 a.m. | 11 a.m.| 2 p.m. | 5 P.M. 
rected.| rected. rected.|rected. rected.|rected, rected.|rected. 

Uv se. div. |mic, div “ se, div. |mic. div 2 se. div. |mic. div f se. div. |mic. div 2 *, = a 

May 1 || 27-91] 601-9} 58-9]] 30-19) 589-9] 54-2|) 39-68] 600-5| 42-6] 37-59] 621-1] 65-3)| 42-5 | 43-0 | 45-0 | 46-5 

2 || 24-75|573-4| 36-4] 37-93) 562-5| 52-4) 39-54] 584-2) 143-1]| 37-59] 613-2) 92-8) 44-6 | 44-9 | 46.0 | 47-1 
3 || 33-09] 590-7] 44-5]| 29-66] 591-1) 63-7|| 38-53] 594-4) 73-6|| 36-05] 627-9) 97-4)| 44-1 | 44-4 | 45-2 | 46-1 

5 || 25-69] 594-4] 52-7|| 26-43] 585-6) 41-2)| .--... | eoeee. creeee || ceccee | ceceee | conoee 40-9 AN REG rats sneha! alas aes 

6 || 27-44) 604-5) 53-8} 29-12) 588-2) 51-6) 38-00) 581-7| 59-5!) 36-38) 608-9) 83-0)) 41-4 | 42-1 | 43-8 | 45.7 
7 || 30-73] 594-5} 62-1] 30-80] 583-3) 68-8] 42-04) 594-2} 59-9] 35-44] 604-1] 68-3] 45-4 | 46-1 | 48-3 | 50-2 
8 
9 
0 

33-76) 588-9] 41-7]| 39-61] 564-2) 44-3) ..--0- | eeee-e | oe sees || 39-95] 598-0] 134-1]/ 47-9 | 48-6 | ------ 52-5 
26-36] 595-0| 63-7|| 31-41] 582-1) 67-7|| 36-05) 595-7) 74-6|| 34-23) 613-7) 62-9] 50-4 | 51-1 | 52.6 | 54-1 
25-96| 591-6] 65-9} 33.63) 582-4 57-3)] weeres | cee eee severe || 35-44) 612-4) 61-1] 52-5 | 54-1 | ----ee | 58-3 

12 || 26-64) 596-6] 47-8] 31-94) 587-3] 52-4] .-.-.-]| .-- soe | eeoeee || 35-31) 612-2} 64-0) 49-6 | 50-2 | ------ 53-0 
13 || 26-83] 583-5) 63-5) 33-15] 584-8) 33-5] 39-61] 597-4) 53-5|| 34-37| 627-3) 76-9 47-0 | 47-4 | 50-4 | 53-6 
14 || 29-39) 602-7) 55-4) 32-08) 595-5} 52-7|| 39-41] 600-5) 52-1] 36-32) 620-4) 69-4) 49-4 | 49-9 | 52.7 | 56-5 
15 || 27-85) 593-9} 62-0) 31-21| 588-6] 66-2] 38-00) 591-0} 59-2|| 34-84) 605-9) 69-1] 51-2 | 51-2 | 53-5 | 56-0 
16 || 27-44) 600-2} 68-5} 30-00) 595-2) 39-3) 41-10) 595-8) 53-6] 39-01/611-5) 54-6) 54-6 | 53-8 | 54-7 | 56-4 
17 || 39-84] 602-3} 28-5]! 39-81) 571-3) 60-7|| 43-99] 582-1) 39-1] 35-64] 609-0) 89-6) 53-2 | 53-8 | 56-3 | 58-3 

19 || 27-50] 602-5) 59-9] 30-86] 584-2) 56-9|| 36-92) 594-8) 53-4] 32-28) 612-8} 69-7|| 51-6 | 51-6 | 52-4 | 53-8 
20 || 26-90) 595-1) 66-2) 35-24) 591-8) 47-1) 37-59] 599-7} 39-8] 35-31) 610-4) 65-3)/ 49-6 | 50-4 | 52-6 | 55-0 
21 || 28-92) 600-9} 68-4] 34-50) 598-1} 60-9|| 36-45) 605-1} 49-0] 33-83) 606-6) 59-4) 54:0 | 55-8 | 58-3 | 59-8 

22 || 24.81] 601-7} 60-0) 32-21) 587-7) 47-3] 35-51) 601-4) 45-6] 34-23/610-5) 51-4] 58-3 | 58-2 | 60-5 | 60-9 
23 || 28-52) 596-1) 68-7] 32-28] 590-1} 46-1|| 37-46] 602-9) 33-4) 33-36] 609-5} 74-7] 54:2 | 54-6 | 55-6 | 56-9 
24 || 22.33) 598-6} 50-5]| 35-04| 587-7} 26-1] 44-32] 599-1} 40-2] 41-77] 627-9) 69-1) 53-0 | 53-6 | 56-3 | 58-6 

26 || 25-55| 599-1] 63-3] 28-18) 581-6} 64-3|| 39-68] 601-2) 51-0) 35-78) 608-7) 65-7|| 52-0 | 52-4 | 54-0 | 54-8 
27 || 27-03) 596-6} 51-9] 35-91) 592-0) 40-1) 39-14) 596-7} 36-0|| 35-51) 612-7); 59-1] 50-0 | 50-9 | 52-8] 54-4 
28 || 24.68] 603-0} 61-1) 32-01) 580-6) 56-4)| 38-20/ 592-9} 60-1] 33-83) 611-6) 67-0] 53-1 | 54-1 | 57-0 | 60-4 
29 || 23-94] 596-0) 60-2|| 34-10) 586-3) 45-8]) 39-95] 592-8] 46-2) 34-63] 615-9) 67-6] 58-7 | 59:0 | 61-9 | 64-1 
30 || 25-43] 596-3] 68-1|| 32-08) 583-0) 65-1|| 37-66] 603-6] 57-7|| 34-43| 614-4) 73-1] 59-1 | 59-6 | 61-4 | 63-0 
31 || 23.34) 594-8) 51-8] 31-21) 586-0} 52-4) 40.22) 597-4) 52-1] 35-91) 619-3) 72-4) 55-7 | 55-9 | 59-0 | 63-7 

June 26-43] 600-8} 57-7] 34-84| 583-7] 51-7) 43-32) 601-5) 49-1] 38-00) 613-4) 61-3) 58-1 | 59-1 | 60-8 | 61-9 
28-04; 604-4) 61-9] 31-14) 600-1] 54-9] 41-43) 596-7) 49-4|| 36-79) 612-1| 48-2] 58-5 | 58-2 | 58-4 | 58-1 
26-43) 592-7| 48-0|| 32-62) 593-4) 48.9|| 40-70) 608-8) 54-0|| 39-41) 611-9) 62-9] 48-2 | 48-6 | 50-4 | 52:8 

2 
3 
4 
5 || 24-68] 603-0) 57-4] 28-92) 591-8) 53-9|| 39-48] 599-9} 58-7] 39-14) 642.5) 69-8) 47-8 | 48-2 | 49-6 | 51-6 
6 
7 

28-04| 580-0] 31-8] 35-17) 573-1} 53-4] 38-74] 594-3} 81-7|| 35-51) 631-8) 85-3) 49-1 | 49-8 | 52-0 | 54-7 
27-03] 587-9] 62-4] 31-07| 578-4) 61-2) 37-06] 605-4] 57-6|| 34-50| 606-0; 67-8) 51-5 | 52-6 | 55-6 | 57-7 

9 || 28.24] 593-6] 59-0] 34-70] 592-7) 45-0) 36-85} 610-2) 58-8] 35-71] 622-5) 81-3] 54-7 | 54-8 | 57-0 | 59-5 
10 || 24-95] 593-5] 62-6|| 33-96) 588-7] 58-9|| 38-00} 598-1} 64-8] 34-90) 602-4) 88-4) 53-7 | 53-0 | 54-4 | 57-0 
11 || 26-83] 613-3) 64-4] 34-63] 582-3) 50-8) 39-68] 597-7| 63-8|| 48-90) 604-6] 67-4|| 52-3 | 53-0 | 55-0 | 56-8 
12 || 26-10] 595-3] 64-8]| 35-84) 584-1) 43-3] 41-57] 602-1} 48-7] 34-43) 609-6) 63-8] 52-3 | 51-9 | 52-5 | 53-5 
13 || 25-32] 592-6] 67-0] 29-39] 590-8] 60-0|| 36-92) 601-1) 60-5] 33-22) 613-7| 61-6) 52-4 | 52-6 | 53-9 | 55-6 
14 || 35-58] 587-3} 30-0} 33-09) 569-0] 54-0) 39-48] 616-8} 61-4] 43-58) 616-5) 111-0] 53-6 | 54-4 | 56-8 | 58-2 

16 || 27-18] 593-0) 60-3] 33-63) 580-3} 66-1|| 39-21] 597-4| 55-1] 36-18) 611-7} 78-7|| 54-5 | 54:8 | 55-9 | 56-7 
17 || 26.23] 588-6] 68-0) 30-26] 574-7| 56-4|| 38-87] 596-6} 49-5] 33-70|615-7| 76-4) 53-6 | 54-1 | 55-4 | 57-8 
18 || 26-16] 589-9] 64-0|| 29-59) 582°2) 52-8]! 37-53) 600-7| 54-3) 33-70) 613-1} 65-7|| 53-8 | 54-1 | 54-7 | 56-5 
19 || 26-97| 597-3) 58-7] 33-09} 581-0} 52-0) 37-53) 600-7) 57-3}| «+--+ | --++++ ceeeee |] 58-0 | 59-3 | 60-7 | -e-eee 
20 || 25-83) 591-0) 58-0] 32-35) 585-9) 52-7] 37-26] 597-4) 31-0] 34-50|610-7| 56-8] 55-8 | 56-4 | 55-7 | 59-9 
21 || 30-73) 605-1} 35-9] 31-94) 586-0] 57-8] 41-37| 587-7] 41-1) 35-64) 610-8) 51-6] 58-7 | 60-0 | 62.4 | 64-7 

23 || 26-29) 593-5} 80-0] 32-62] 592-5) 71-6] 36-72] 600-6] 68-6] 34-97/ 610-4) 84-0)) 57-7 | 57-0 | 58-1 | 59-1 
24 || 24.68] 599-2) 81-3|| 31-74|616-8| 62-9] 35-17| 606-7} 70-5)| 35-51) 607-7| 78-3) 55-7 | 56-5 | 58-5 | 60-1 
25 || 24-28] 600-5} 70-3] 32-41) 597-1) 71-2| 37-19] 601-1) 72-1] 34-77| 605-8} 79-1] 59-5 | 60-9 | 62-5 | 64-1 
26 || 24-28] 597-2} 75-1] 30-19] 595-1) 67-4|| 36-85) 605-9) 57-5|| 36-58} 619-7} 71-1] 60-4 | 61-0 | 63-1 | 65-7 
27 || 24-68) 599-2} 74-1|| 32-62) 590-5} 63-2] 39-61] 614-3] 64-4] 38-13} 619-1] 96-1) 62-2 | 62-9 | 66-2 | 69-1] © 
28 || 27-85| 583-7| 77-2] 37-26] 591-8] 78-5], 39-34] 601-3) 83-5|| 33-15) 626-5} 93-3] 64-5 | 65-6 | 68-1 | 72-5] — 

30 || 22-93) 589-0 116-8), 31-54 580-2| 100-3] 40-22| 594-8] 104-0] 36-18) 606-4] 115-7]| 70-7 |' 70-9 | 73-0 75-5 | 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING JULY AND AvuausT, 1851. 23 

seth 

See 8 A.M. 11 A.M. 2 P.M. 5 P.M. Temperature of Bifilar and 

Time. Balance. 

Decln,| Bifil. | Balce. || pegin,| Bifil. | Balce. || Heeln,| Bifil. | Balce. || peejy| Bifil. | Balce. 
° Cor- | Cor- ° Cor- | Cor- ° Cor- | Cor- || 940 Cor- | Cor- || 8 A.M. | 11 4.M.| 2 p.m. | 5 P.M. 

240+ rected.| rected. 24° + rected.| rected. 24+ rected.) rected. 24°+ rected./rected. 

Civil Day. 

sc. div. |mic. div sc. div. |mic. div]| ” se. diy. |mic. div if Sc. div. |mic. div - 

July 1 || 24-40) 591-9) 115-4] 31-40] 577-8] 117-9]] 39-34] 590-6| 110-5|| 35-51] 607-4] 115-1|| 68-9 | 68-8 | 71-0 | 74-1 
2 || 23-80) 589-6] 111-0} 29-04) 580-0) 104-5] 38-53) 592-8) 105-6] 35-37| 614-1] 114-3] 68-6 | 67-1 | 66-6 | 65-3 
3 || 23-S0| 601-7] 105-6)] 30-72) 598-5) 25-3] 47-62) 630-1] 104-8|| 41-16] 611-1] 140-6]| 55-4 | 56-0 | 57-1 | 58-2 
4 || 25-14) 585-6) 114-5|| 30-86] 587-9] 115-7|| 37-93) 595-8] 110-7|| 32-48/ 608-3] 140-9] 54-5 | 55-0 | 58-0 | 61-6 
5 26-02! 589-4] 69-9] 31-06) 586-1) 108-8} 36-85) 588-1} 118-6) 35-44] 604-6} 115-8) 57-6 | 55-2 | 60-4 | 62-6 

7 || 23-73) 598-4] 107-5] 31-20] 589-4] 112-7|| 37-46] 588-5] 100-5] 34-70] 602-5] 108-8|| 61-8 | 62-6 | 64-5 | 65-1 
8 || 24-74] 595-0} 92-0]) 31-47) 588-0} 101-6] 36-25) 599-7} 96-0) 32-82) 614-5] 103-9]| 61-6 | 61-8 | 61-6 | 62-5 
9 || 25-48) 596-7] 115-3] 29-39] 591-2) 92-9) 37-53) 610-2} 101-9] 31-81] 613-5) 124-9|| 57-5 | 57-7 | 58-7 | 59-6 

10 || 26-15) 601-3] 126-9] 36-45] 601-3} 96-7] 39-88] 608-6] 53-7) 34-57| 611-5] 107-5|| 55-2 | 54-6 | 55-1 | 55-9 
11 || 28.64) 611-7] 108-1] 30-86) 597-2) 108-9] 35-44] 613-6] 107-9|| 33-49| 633-9] 113-9]) 53-4 | 54-3 | 55-4 | 56-4 
12 || 28-71) 599-5] 105-6] 31-06] 596-6] 96-3|| 38-00) 621-0} 94-3] 32-95] 622-9] 119-1]| 58-2 | 59-6 | 61-1 | 63-6 

14 || 25-34] 667-4} 97-1|| 33-63] 592-7| 103-9|| 37-12] 605-9} 95-7|| 37-46] 663-8] 151-3] 60-6 | 60-9 | 62-0 | 62-4 
15 || 33-63] 576-0) 70-0]) 31-74] 586-0] 116-2\| 38-27] 613-6] 110-5] 34-84] 621-8] 118-1|| 57-2 | 57-9 | 59-3 | 60-7 
16 || 25-81) 596-7| 87-8] 32-28] 585-7| 95-0|| 38-13] 602-4) 103-3}| 35-78] 620-2/ 102-1) 55-6 | 55-7 | 56-2 | 57-8 
17 || 25-95] 606-6) 114-4|| 30-32) 596-6} 97-3]| 40-42] 607-2) 98-7|| 38-80] 655-0] 125-3|| 56-6 | 57-5 | 59-6 | 62-4 
18 || 23-58] 601-3] 95-0)) 30-86] 562-5) 101-8] 36-25) 606-8] 115-8|| ------ seeeee teense 
19 || 27-77| 579-8] 108.-4|| 29-85) 590-9] 116-2|| 40-22) 603-3] 118-8]] 35-17] 631-4| 120-6|| 57-2 | 57-7 | 60-3 | 61-9 

21 || 25-07] 602-7| 116-9|| 32-01] 595-6) 105-9] 37-26] 603-9] 105-9|| 34-37| 619-7] 111-1] 61-1 | 60-6 | 61-2 | 62-6 
22 || 26-55] 600-3] 110-9] 31-27| 598-0) 108-5] 36-25) 610-5] 107-0|| 33-09) 623-9] 114-6) 58-0 | 58-3 | 61-2 | 63-0 
23 || 30-32} 601-0) 104-1} 32-82| 596-0] 105-1|| 37-93] 598-3] 112-8|| 27-70] 611-6| 125-3|| 59-7 | 60-2 | 62-4] 64-3 
24 || 34-97) 601-2| 128-3|| 34-50] 601-3) 112-4]| 40-83] 605-1] 113-0|| 32-48] 613-0] 129-9] 59-3 | 59-7 | 61-2 | 62-9 
25 || 28-03] 595-5] 109-1|| 33-63] 601-4] 107-6]| «+--+ | wes eee | cee eee 34-50) 611-7) 118-4)| 57-6 | 57-7 | «+++ 59-2 
26 || 28-97| 605-5| 109-1] 33-09] 594-6] 108-5]; 34-23] 603-0] 118-8|| 33-42] 604-0] 167-6], 56-0 | 56-5 | 58-0 | 59-3 

28 || 25.88] 598-1] 118-6|| 28-50| 594-0| 99-2)| 35-24] 607-7] 112-2)| 31-06] 617-1] 113-1) 60-0 | 61-6 | 63-5 | 65-4 
29 || 23-73] 610-9] 91-8|| 31-88] 607-2) 84-9] 40-22) 635-4] 82-0|| 36-58] 634-9] 129-2|| 62-8 | 63-7 | 65-7 | 66-4 
30 || 26-62| 599-9] 112-1|| 30-52) 587-7| 114-6]] 41-70} 605-6] 102-4|| 33-63] 621-7) 123-1] 59-8 | 59-5 | 59-7 | 60-3 
31 || 26-82| 599-1] 111-4|| 28-17] 590-3] 97-3|| 37-26] 601-4} 99-1|| 33-02| 616-8/ 111-8]| 57-7 | 57-9 | 58-7 | 60-3 

Aug. 1 | 27-97| 603-0} 122-6|| 31-20] 594-7) 99-5|| 38-20] 614-1] 103-6] 33-22] 613-7| 113-8|| 60-9 | 61-0 | 62-0 | 63-6 
2 || 23-73] 602-0} 108-5|| 30-86] 595-7] 97-3] 37-32| 609-7] 95-6|| 33-89] 617-2) 111-6]| 58-5 | 58-9 | 61-2 | 63-7 

4 || 28-23] 593-4) 111-4]| 29.33) 593-3) 101-9|| 35-24] 611-1] 115-9) 33-42) 610-2) 114-9]| 62-6 | 62-3 | 63-7 | 65-9 
9 || 27-57| 599-8) 111-9|| 29-71] 599-6] 107-6|| 37-66] 602-4] 110-1|| 34-03] 623-5) 106-8|| 58-7 | 59-1 | 61-5 | 63-9 
6 || 27-77| 595-4] 109-7|| 33-56] 592-6] 112-5|| 39-54] 613-6] 110-6]| 32-48] 611-4/ 116-4|| 57-6 | 57-1 | 59-3 | 62-8 
: 32-62) 578-5} 55-1) 30-05] 573-4] 97-4) 39-27/ 622-2) 119-9)| 34-10] 612-8) 113-6), 57-2 | 57-3 | 59-7 | 62-4 

9 
28-30) 598-4) 99-8} 33-96] 591-0) 101-9] 38-40} 612-1) 160-9)| 30-92) 607-7| 133-4)) 59-4 | 59-1 | 59-6 | 60-9 
29-11} 608-9) 110-1}| 36-32) 597-2) 107-9] 40-01) 620-8) 113-1]} 29-65] 609-3) 136-1] 57-2 | 57-2 | 58-2 | 59.6 

11 || 26-75] 601-3) 114-5]] 30-45] 585-3] 117-2|| 38-40] 602-5] 114-8] 36-25] 648-3) 117-3] 55-6 | 56-2 | 58-0 | 59-4 

12 || 26-16] 604-6] 114-4|| 32-08] 599-0} 101-4) -.-++ | ee-eee | eeeeee | 31-47/ 610-3] 118-3) 59-0 | 60-8 | «+--+» | 67-7 
13 || 26-15) 598-2| 108-0} 32-62) 593-3] 101-1|| 36-11] 610-0} 113-3] 30-59] 614-6] 118-5] 66-4 | 65-9 | 67-4 | 69-0 
14 || 27-10) 598-7/ 109-5|) 34-57| 598-4) 101-6) 41-10} 612-5] 109-2) 32-68] 617-0| 117-8] 64-4 | 64-6 | 66-5 | 67-1 

15 || 24-60} 603-1] 106-4} 33-76] 596-4) 95-7|| 37-26] 608-4] 96-2) 31-47| 613-6| 114-6] 60-9 | 62-1 | 64-2 | 66-5 
16 || 27-77] 600-0} 108-2) 29-51] 595-0] 100-0) 37-12] 612-6] 96-4|| 32-48] 618-0) 107-7|| 62-2 | 62-6 | 63-6 | 64-4 

18 || 27-24] 608-2] 111-0] 30-05] 591-8} 97-0] 36-85] 608-0) 96-9] 32-35] 621-5) 107-4)) 54-8 | 55-4 | 57-2 | 59.4 
19 || 24.47| 602-2) 110-7} 31-34] 600-2) 81-2), 38-13] 615-9) 100-2) 31-60} 613-9] 109-5)| 56-1 | 53-8 | 58-0 | 60-0 
20 || 26-42) 602-1] 110-4|| 31-94| 597-4} 99-3] 37-06) 616-1} 98-5) 32-15) 616-8/ 103-8|| 60-7 | 60-9 | 62-8 | 64-4 
21 || 26-82) 599-1) 91-8] 34-43) 585-9} 94-7) 42-24) 601-9] 106-4)| 30-79) 615-1) 111-2)) 61-4 | 61-8 | 63-3 | 66-0 
22 || 27-50] 593-9] 113-5|| 32-68] 616-7] 103-6] 38-20] 615-2) 117-9] 30-99) 616-7] 113-3) 63-2 | 62-9 | 63-0 | 63-7 
23 || 25-61] 604-5) 101-9|| 34-63] 606-0) 96-3] 39-27) 627-4) 99-9) 32-08) 613-9] 122-6 59-7 | 59-8 | 61-0 | 63-3 

25 || 25-75] 582-7] 110-2) 33-09} 591-5) 108-3] 29-24) 597-8} 106-5)| 35-10} 620-1] 108-8) 52-6 | 53-4 | 55-8 | 58-3 
26 || 25-28] 590-8] 116-2) 32-75) 583-1] 102-9) 37-39] 601-0] 107-6) 25-61] 619-2| 135-7|| 56-1 | 56-2 | 58-0 | 59-9 
27 || 25-34| 586-2) 115-9|| 32-68] 583-9] 102-8] 36-32) 609-1) 110-0) 30-05] 601-8] 120-7)| 57-3 | 57-9 | 59-4 | 60-3 
28 || 25-96] 590-1] 114-3|' 32-62) 588-9) 104-6) 35-84| 607-9] 113-3) 29-45] 607-4/ 113-2) 55-7 | 55-1 | 56-3 | 57-8 
29 || 27-24| 598-0) 110-0|| 33-76] 597-9] 103-0) 39-14] 594-7} 91-9) 31-06| 604.4| 125-0)) 53-2 | 52-9 | 53-3 | 54-0 
30 || 26-82) 593-0) 111-0}, 32-55] 585-9] 106-1} 39-95] 612-5 ee 33-49} 630-7| 132-3] 52-1 | 52-1 | 53-2 | 53-0 



9 
_ 4 

Gottingen 
Mean 

Time. 

Civil Day. 
Dec]n. 

GY SL, 

Sept. 

Oct. 1 

29-24 
30-52 
25-75 
53-88 
40-42 
27-37 

37-53 
27-97 
27-03 
25-95 
31-06 
26-16 

24-80 
25-01 
25-61 
27-37 
27-44 
26:55 

24-47 
26:69 
27-37 
26-28 
31-06 
25-68 

27-24 
30-59 
25-01 
24.60 
24-54 
27-30 

25-95 
26-28 
26-22 
27-03 
35-17 
35:91 

| 27-70 
| 25-68 
27-17 
26-75 
27-70 
25-28 

26-22 
26-75 
25-28 
25-61 
33-36 
28-97 

28-17 
26-49 
41-30 
26-49 
27-17 

Bifil. 
Cor- 

rected. 

Balce, 

Cor- 
rected. 

mic. div 

113-9 
se. div. 

596-3 

588-0 

601-0 
* 4-6 

577-8 
577-3 

530-7 
580-9 
578-1 
588-7 
568-0 
587-6 

607-6 
597-4 
591-3 
595-5 
600-2) 123-7 
595-2 

600-2 
604-9 
603-5 
600-9 
603-0 
604-9 

587-8 
565-1 
593-2 
594-7 
596-2 
591-4 

598-4 
601-9 
606-8 
606-4 
606-4 
609-2 

606-6 
603-6 
605-4 
610-7 

11 a.m. 

Decln. 

94° 4 

33-49 
35-71 
34-30 
48-97 

-3)/ 29-18 
33-83 

38-87 
32-41 
30-39 
30-66 
40-08 
31-81 

32-82 
29-51 
31-13 
30-86 
30-92 
30-66 

32-55 
29-78 
34:16 
28-50 
35-84 

607-0 
612-2 

603-0) 117-3 
983-4 
615-4 
602-8 
601-8 
603-3 

607-9 
608-6 
560-1 
593-2 
605-8 

32-08 

31-47 
35:64 
27-83 
13-10 
28:37 
30-25 

28-84 
30-45 
28-30 
29-38 
28-30 
35-17 

27-50 
31-54 
29-45 
27-44 
28-64 
27-24 

30-86 
30:86 
30-59 
33-02 
35:24 
33-56 

35-51 
28:85 
37-86 
31-60 
29-85 

Bifil. 

Cor- 
rected. 

se. div. 

587-0 

587-6 

581-5 

535-8 

570-9 

575-9 

569-8 
569-4 
578-3 
584-9 
579-2 
578-9 

591-2 
085-1 
585-6 
585-7 
582-9 
592-7 

592-3 
592-6 
587-1 
586-5 
579-5 
559-6 

564-5 
584-6 
575:4 

* 

582-6 
576-2 

591-9 
593-0 
593-5 
587-9 
593-2 
583-7 

592:5 
598-2 
586:8 
602-0 
598-4 
604:3 

587-7 
590-7 
590-2 
579:3 
579-5 
582-6 

591-0 
589-8 
576-3 
582-2 
593-9 

Balce. 

Cor- 

rected. 

mic. div 

110-2 

109-6 

109-0 

118-8 

129-6 
125-1 

122-8 
117-1 
126-6 
121-0 
110-4 
125-8 

107-9 
120-8 
120-9 
122-0 
119-0 
113-6 

116-3 
113-4 
108-6 
111-9 
105-0 
120-5 

121-4 
105-3 
124-1 
138-9 
121-9 
128-6 

109-9 
114-0 
113-7 
110-7 
106-7 
112-9 

112-1 
98-3 

103-5 
104-2 
105-3 
100-2 

112.3 
113-1 
115-2 
106-7 
105-7 
111-5 

104-9 
113-5 
125-3 
127-3 
115-1 

Decln. 

24° + 

35:37 
37-06 
38-53 
45-74 
37-32 
35-78 

39-14 
33-83 
35:04 
37-26 
37-73 
36-65 

37-66 
36-58 
36-72 
34-84 
35-91 
35-04 

34-77 
34-03 
35:98 
34-70 

Bifil. 

Cor- 

rected. 

se. div. 

615-1 

613-1 

599-7 

612-4 
573-2 

597-3 

591-8 
599-3 
597-1 
612-2 
607-1 
602-0 

604-3 
600-3 
600-8 
605-6 
596-3 
597-6 

603-5 
604-3 
600-9 
596-9 

39-34] 602-3 
41-30] 597-2 

36-32) 603-3 
37-32 
34-23 
45-94 
33-15 
41-16 

34-63 
34-70 
34.97 
34-03 
32-62 
37-73 

36-38 
36-58 
34-90 
34.84 
33-15 
36-99 

36-85 
33-56 
34-84 
39-68 
36-99 
35:37 

37-06 
35°17 
32-89 
34-16 

598-3 
592-7 
615-5 
588-4 
598-3 

601-5 
602-5 
599-8 
598-1 
598-1 
583-2 

599-9 
605-2 
603-8 
607-7 
603-7 
614-3 

604-1 
609-8 
593-9 
607-6 
598-6 
612-4 

599-9 
603-6 
581-8 
589-6 

31-20 600-2 

Balce. 
Cor- 

rected. 

mic. div 

118-7 

130-7 
97-7 

241-0 

138-2 

116-3 

134-1 
123-7 
123-2 
111-5 
114-0 
118-0 

111-6 
119-1 
120-3 
118-9 
114-2 
114-4 

104-7 
110-5 
106-3 
105-2 
112-8 
126-8 

134-9 
142-7 
137-4 
139-4 
122-4 
118-6 

110-8 
112-3 
111-0 
109-5 
104-5 
118-4 

102-4 
109-9 
102-2 
101-6 
51:8 
98-9 

113-9 
116-7 
117-3 
111-3 
127-9 
121-9 

120-3 
110-6 
129-2 
127-4 

5 P.M. 

Bifil. 

Cor- 
Deeln. 

° 4° 4 

30-25 
32-75 
17-40 
25-54 
33-02 
29-11 

614-3 
624-3 
641-7 
732-6 
591-2 
594-6 

31-47| 614-2 
29-11) 606-7 
33-36] 599-8 
35-78] 615-4 
32-15} 601-0 
31-88] 610-0 

38-13 
32-55 

616-4 
611-9 

32-15) 609-5 
31-20) 606-9 
395-51) 623-0 
30-12) 602-8 

30-59} 602-4 
30-59] 614-8 
32-21} 608-5 
31-27) 615-3 
35-58] 613-2 
33-70) 609-6 

30-94) 619-4 
29-33) 602-7 
30-45] 594-7 
39-41 
31-20 
30-18 

30-12 
31-54 
29-78 

rected.|rected. 

se. div. |mic. div 

125-4 

31-67 
33-29 
35-31 

30-79 
22-32 
30-86 
31-06 
31-88 
38-47 

31-34 
30-52 
33-15 
30-99 
25-28 
27-03 

31-27 
32-82) 
31-34 
29-85 

Balce. 

Cor- 

123-4 
140-1 
164-9 
306-4) 
132-1 
120.8 

156-6 

122-7 
131-6) 
123-7 
170-8 

129-1 
127-5 
134-7 
120-9 
133-8 
124-3 

119-0 
117-5 
127-1 
113-1 
141-1 
159-9 

161-6 
145-5 
127-0 
301-0 
120-1 
117-5 

113-4 
114-0 
121.4 
114-5 
127-1 
139-2 

112-7 
147-6 
102-6 
103-1 
102.5 
124-6 

115-5 
115:8 
126-9 
137-8 
154-7 
133-9 

121-5 
104-4 
125:5 
122.3 
111-7 

‘ 

Temperature of Bifilar and 7 

8 a.m. |lla.m.| 2 P.M. 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING SEPTEMBER AND OcTOBER, 1851. 

Balance. 

116-7|| 29.04) 6 

* Out of field. 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING NOVEMBER AND DECEMBER, 1851. 25 

i 8 A.M. 11 A.M. 2PM. 5PM Temperature of Bifilar and 
Time. Balance. 

Bifil. | Balce. Bifil. | Balce. Bifil. | Balce. Bifil. | Balce. 

Civil Day. oe Cor- | Cor- oe Cor- | Cor- rd Cor- | Cor- Bee Cor- | Cor- || 8 a.m. |114.M.| 2 P.M. | 5 P.M 
rected.| rected. rected.|rected. rected.|rected. rected.|rected. 

ut se. div. |mic. div|] se, div. |mic. div|| 7 sc. diy. |mic. div e se. diy. |mic. div i) e 2 S 

Nov. 1 || 27-83] 611-3] 100-8|| 30-59] 600-0] 108-0|| 32-41) 608:1| 107-7] 29-33] 613-0] 104-9] 41-7 | 41-8 43-8 45-6 

3 || 26-35] 608-4] 102-5]] 31-74] 603-8) 101-4] 36-11) 607-7] 114-6] 26-55) 609-3] 122-2] 38.4 37-7 39-1 40-6 

4 || 28-03) 605-2] 96-1] 31-34] 600-2) 104-1}) 35-91) 601-1) 108-5) 30-92) 591-6) 94-7] 34.7 34-2 35-2 35-6 

5 || 32-08] 608-3) 95-4|| 32-95) 606-2} 94-9] 35-78] 606-7} 101-3] 31-13] 607-8) 107-1]| 34-9 35-5 37-5 40-0 

6 || 27-57| 614-7| 94-8! 31-47) 605-2) 101-9) 32-35] 603-5) 105-2)| 28-44] 611-0) 105-4] 41-8 42-0 42-7 43-7 

7 || 26-96) 615-2) 103-1|| 29-04) 598-7] 103-0} 32-48} 607-4] 100-3]| 28-50) 613-4) 104-8]| 42.3 41-6 | 42-2 | 42-6 

8 || 27-17| 617-3) 94-3)| 30.72) 601-0) 103-4) 33-63} 601-2) 100-1|| 29.38) 614-3] 102-4|| 42.4 42.2 42:8 43-8 

10 || 25-54| 622-4) 78.4|| 26-42) 607-5 86-0)! 39-01/ 608-1) 102-3] 30-12] 612-8) 107-0)) 42.4 41-8 | 42-3 43-3 

11 || 26-42) 617-2} 91-8] 30-18] 613-8] 87-2|| 34-23] 609-7) 93-4]! 33-15] 618-0) 102-8]| 45-0 | 45-3 | 46-5 46-9 

12 || 27-50) 613-0} 95-4|) 29-33] 602-5) 94.8] 31-13) 612-1] 97-5|| 29.45} 617-8] 99-6] 43-6 42-5 43-0 45.2 

13 || 27-70) 615-7} 93-6) 28-78] 605-0} 95-9]| 31-13) 610-9] 99-1] 31-67} 615-4| 106-1] 41-8 41-7 | 42-7 44.2 

14 || 26-75] 612-5| 97-8] 29-78] 606-2} 96-9]! 30-92] 607-7) 98-5|| 31-74] 614-5) 110-8]) 41.4 40-5 40:3 40-1 

15 || 26-02) 615-9) 92-3]) 28-91) 615-7) 91-4] 32-55) 615-7} 95-0) 29-85] 616-9] 101-5]; 38-0 37-6 38-0 38-7 

17 || 27-77] 615-2) 93-2|| 29-58) 608-0} 96-2) 34-63} 610-8] 101-2) 26-44] 615-1) 112-4] 33.5 32-9 33-4 34-3 

18 || 27-70} 614-5} 95-0) 29-51] 606-8) 94-3] 32-21] 613-3) 99-0|| 30-39) 608-9) 101-4) 33-1 32-8 33-7 34-5 

19 || 27-90) 613-6} 96-2) 29-18] 607-1} 94-9] 32-15} 613-3) 95-2|| 29-51) 619-4) 96-6) 31-9 31-4 | 32-2 33-1 

20 || 28-50] 622.6) 88-9]| 27-90) 608-9} 95-9) 30-12) 611-1} 89-8) 28-78) 617-4] 93-6) 34.3 34-4 34-9 36:3 

21 || 27-37| 619-3) 88-1] 29-11] 613-5} 86-2!) --+-.- | eeeeee | eer ees 22-79) 612-7) 112-2)! 38.2 38-7 | seceee 40-3 

22 || 40-70] 614-5} 74-9]| 31-47] 601-8] 86-0] 30-25] 604-7) 150-0) 24-33] 615-8] 168-5|| 39.0 38-6 40-0 41-6 

24 || 32-21| 598.2) 89-8] 34-10) 594-3} 102-3]| 35-98) 598-9] 116-4) 32-55] 604-7) 137-1] 38-1 37-5 38-6 40-6 

25 || 27-77| 607-7| 100-9|| 28-50) 602-8} 98-4) 30-79] 609-2) 97-8] 29-92) 617-8} 101-2) 36-1 34-8 35-1 36-5 

26 || 27-77| 614-8] 95-0] 28-78] 606-7| 96-7] 31-40] 611-4] 96-3] 29-04/ 616-7) 98-7]| 36-2 36-4 37:7 39-0 

27 || 27-37| 614-4] 93-4|| 30-39] 609-2| 96-0| 31-27| 612-4] 96-8] 28-44| 619-6] 96-4] 37-4 37-1 37-3 38-0 

28 || 26-96] 606-8) 95-5) 30-12) 607-3} 92-1|| 31-60) 612-0) 95-8]| 28-97) 612-7| 102-3|| 36-7 36:3 37-0 38-9 

29 || 27-24) 613-7| 92-7]| 28-91} 606-0) 92-7) 31-81} 618-0} 94-4) 30-39) 621-9) 95-6|| 33-6 32-4 32:6 33-8 

Dec. 1 || 28-03/617-4| 94-6] 29-45] 611-7} 95-5]| 32-01] 617-5| 98-1] 30-66) 615-0) 102-7)| 32-5 33-1 34-9 35-5 

2 || 28-17) 611-6) 89-2)) 31-20] 610-2) 94-3] 30-12) 614-9] 96-4|) 27-03) 616-6) 99-6] 31-9 31-1 31-6 33-3 

3 || 27-03) 616-4) 91-6] 29-04| 613-8] 94-4] 29-98} 619-3] 92-6] 28-50] 616-4| 97-7|| 29-9 29-6 29-8 30-7 

4 || 27-24) 619-1) 83-2)| 28-91] 617-2) 91-1) 30-27| 617-3) 84-4|) 28-10) 620-1) 95-5|) 30-6 31-3 31-8 33-7 

5 || 27-03] 619-3] 91-5|| 27-57| 615-2) 93-1|| 29-65] 619-8] 93-4|| 28-10) 621-2) 92-0] 40.2 41-0 42-9 44-8 

6 || 30-59] 636-0) 72-6|| 27-97) 617-6) 80-4|| 29-92) 589-2) 95-3|| 27-77) 613-7} 91-1] 47-8 | 48-0 48-9 47-9 

8 || 25-88] 604-8] 93-7|| 30-86] 594-6) 102-5) 31-47) 609-9) 112-9] 26-82) 609-0) 125-0] 47.3 47-1 46:8 | 46-6 

9 || 29-38) 608-5) 100-5|| 30-86] 610-5) 99-5|| 33-89] 613-1) 105-2] 26-49] 601-4) 117-6) 43-9 | 44.2 45-8 46-8 

10 || 27-57| 607-3) 96-9|| 29-85] 608-6] 100-2)! 31-20) 614-7) 108-0}| 29-18) 615-8] 103-0)| 50-8 51-1 51-7 51-7 

11 || 27-90) 613-0] 99-8|| 29-71] 607-8} 101-2)| 29-78) 591-6] 113-7] 29-18) 608-1] 115-1)| 47-5 47-0 47-3 48-1 

12 || 27-70) 613-2) 98-3]| 29-45) 611-1] 100-8] 30-32] 614-6] 100-3]| 30-92) 610-5] 105-9|| 45-4 45-0 45-2 45:8 

13 || 28-97| 613-0) 92-3|| 30-99) 606-6) 95-9|| 32-08) 613-9) 104-2) 21-78] 617-7| 125-9] 42.5 41-4 | 41-2 | 42-0 

15 || 27-23) 614-7| 100-5)| 29-04) 607-7| 96-8] 30-92) 614-5] 96-8] 27-83] 616-8] 104-9] 39-9 39-9 40-2 41-2 

16 || 27-90) 620-8) 92-9)|| 30-72) 606-7} 95-4|| 32-41] 619-3) 96-6) 31-20) 612-2) 110-8]| 41-0 41-5 | 42-9 44-1 

17 || 27-30) 617-1) 96-6|| 28-50) 608-2) 96-4) 31-47| 618-2) 93-0) 29-11} 619-2) 98-6) 45-8 45-8 43-6 46:7 

18 || 27-83] 621-1] 95-9|| 32-48) 604-9] 96-2) 35-10) 617-6| 98-7|| 31-20) 612-8) 108-2)| 44.3 43-5 43-3 43-9 

19 || 36-05] 609-3] 84-8)| 33-56] 610-3) 97-1] 36-65] 608-2) 107-8) 27-24) 600-4) 123-9) 43-5 43-5 43-9 44-6 

20 || 28-78] 616-0) 91-6)| 30-92) 619-4) 94-3) 30-12 611-6 94-0}) 29-65) 615-4) 94-1|) 45-6 46:0 | 46-4 | 46-9 

22 || 26-75] 624-0) 80-9] 34-23] 596-6) 92-8] 33-29] 619-2) 97-9] 37-86) 611-4) 143-9) 41-7 40-6 39-5 38-3 

23 || 29-11] 606-8) 82-5|| 31-74) 607-2) 92-3)| 32-62) 610-3) 107-9] 30-86) 615-1) 112-3)| ° 33-5 33-5 34:3 35-7 

24 || 29.85) 624-2) 80-7|| 31-67| 603-4) 85-9) 30-25) 612-2) 93-7|| 35-78) 613-7| 108-6] 33-6 33-1 32-9 33-0 

25 || 29-18] 614-5] 89-2)! 31-88] 603-6] 101-8) 30-45] 611-4) 109-6]| 24-13] 610-2| 119-9]| 33-1 33-1 33-4 34-5 

26 || 28-50} 611-9} 96-8|| 33-15) 607-6) 97-3) 30-39] 595-9) 105-0} 25-21| 600-0) 131-9] 36-7 36-9 37-4 38-0 

27 || 26-:75| 616-9} 92-3) 30-18) 607-6; 100-3) 35-04] 613-9] 103-4) 33-42) 610-3) 124-2)|. 36-5 36-2 36-2 36:6 

29 || 27-17| 593-4| 105-8] 24-74) 603-9) 106-6) 25-07| 605-4) 119-3] 28-17| 610-4) 152-2) 37-5 36-6 37-0 38-6 

30 || 27-44) 596-3) 71-5) 27-77) 616-5) 112-8) 28-97| 612-3) 104-5|| 27-63] 611-8) 106-5)) 37-8 38:3 40-0 41-7 

31 || 26-83) 614-7) 99-8]| 28-50) 612-0) 100-8) 28-30) 609-0} 98-7)| 27-17| 616-5| 100-1)) 42-3 42-6 43-5 44-3 



26 DartLty OBSERVATIONS OF MAGNETOMETERS DURING JANUARY AND FEBRUARY, 1852. 

ee 8 a.M. 11 am. 2PM. 5 P.M. Temperature of Bifilar and 

Time. Balance. 

Decln,| Bifil. | Balce. || pecjn.| Bifil. | Balce. || pooj,,| Bifil. | Balce. || pegjn,| Bifil. | Balce. 
Civil Day. || 940 4) Cor- | Cor- a4? a Cor- | Cor- loo 4'| Cor- | Cor- |lo4° a Cor- | Cor- || 8 a.m. |1la.m.| 2 p.m. | 5 p.m. 

; rected.|rected. rected.|rected. rected.|rected. rected.|rected. 

sc. div. |mic. div se, div.|mic. div f, sc. div.|mic. div sc. div. |mic. div 

1 || 25-89] 614-3] 102-2) 26-29] 614-3) 101-1]| -----+ |. seeee || 28-45] 598-1} 98-4 
2 || 26-35] 614-5] 99-1|| 28-58} 610-6] 101-7), 30-12) 612-6) 103-4|| 27-50] 615-3) 101-6 
3 || 26-29) 614-8] 92-9]| 27-43] 609-8] 101-4|| 30-67| 618-2) 99-9|| 30-86] 620-9] 97-4 

Jan, 

5 || 27-03) 611-8] 105-3]| 33-56] 589-0} 114-9} 30-53) 613-6) 121-3), 24-21) 615-5) 125-9 
6 || 26-71) 613-1] 89-0) 27-31] 608-8] 96-0) 29-18} 609-4) 110-7|| 27-78] 618-5) 104-8 
7 || 25-49] 614-5} 96-4|| 27-38] 605-3) 94-9|| 31-21] 612-6) 102-2)| 28-78) 612-5] 104-7 
8 || 26-08] 612-8] 94-8] 26-96] 607-5) 96-0|| 31-06} 615-0) 98-9)| 28-51] 620-8) 99-2 
9 || 25-96] 615-5] 94-4|| 25-89] 608-9} 89-3) 31-61] 613-7) 97-1) 26-75] 610-4] 119-7 
O || 26-75) 613-5} 94-2) 28-17| 611-8) 88-8) 30-27| 617-0) 94-7|| 28-98} -----. teense 

12 || 27-23) 614-4| 89-7|| 26-03] 608-5} 93-1)| 31-34] 609-8) 93-3) 28-65) 619-8} 96-0 
13 || 25-42] 619-8} 95-0] 30-00] 598-4) 94-4] 31-81/610-1| 97-3]| 28-98) 617-0} 99-0 
14 || 26-35] 615-9} 89-7|| 26-71] 608-1} 93-1] 29-33) 605-9) §&9-6|| 31-88] 617-2) 96-0 
15 || 26-08] 620-5) 95-9] 26-71] 613-3) 89-8) 29-45) 611-6} 87-7|| 27-90] 620-6) 95-8 
16 || 25-49] 623-8] 86-7|| 25-62| 610-7} 89-2) 30-74| 611-3] 91-4|| 28-45) 620-9} 93.2 
17 || 26-35] 625-3} 82-1|| 26-56} 616-6) 92-7} 31-94) 619-7| 82-0) 28-51) 622-3) 89.4 

19 || 25-96] 619-0} 85-6) 25-76] 612-4| 101-5] 31-81) 615-7) 99-9) 29-12) 623-1) 95-6 
20 || 52-06) 586-6] — 1-6]| 29-60| 589-8) 96-6|| 36-05) 627-7| 157-7|| 34-57| 607-0) 153-7 
21 || 27-43) 597-7| 84-6) 28-35] 585-8} 196.0) 35-58] 596-0/ 119-5|| 29-65] 606-3) 127-6 
22 || 25-62) 611-5) 91-1} 27-11} 603-2) 91-2) 32-89) 615-1] 87-8] 16-46] 648-6) 263-7 
23 || 26-83] 605-6} 92-6] 26-56] 599-7| 104-6] 35-51) 592-5) 129-8|| 35-44) 623-8) 189-2 
24 || 27-11] 604-6; 101-3|| 27-31] 595-8) 106-4)| 31-06) 602-6/ 106-9}, 28-05] 606-4) 111-8 

26 || 26.49] 605-8) 95-6] 28-72) 599-8} 76-0) 31-48) 609-9} 95-5|| 22-31) 620-7) 123-8 
27 || 27-70) 612-5} 69-7|| 30-86] 579-2) 86-7|| 34:63) 614-6} 91-4|| 27-58) 615-0) 102-1 
28 || 25-42] 608-0} 92-0|| 27-78) 600-2) 84-3] 31-54) 613-7) 96-8|| 27-58] 617-2) 92-3 
29 || 25-62) 619-1] 88-5|| 27-23) 611-0) 94-5}/ 29-33) 617-5) 80-4|| 27-70) 620-0) 94-5 
30 || 25-89] 616-7} 88-4) 28-85) 597-8) 84-7) 37-32} 616-8) 85-1] -ee+++ | seeeee | vee eee 
31 || 24-01) 613-0} 75-1] 29-52) 609-4) 83-5)| 36.25] 614-8] 100-9] 19-56) 623.8) 126-8 

27-23| 614-7} 77-9|| 31-34] 605-8) 91-8] 31-67) 611-9) 99-1]| 30-59) 615-8) 104-8 
26-44) 613-9] 88-2) 25-76} 606-0} 93-3]| 29-92) 613-3) 94-1]| 24-07) 611-2) 109-8 
20-76) 616-8) 87-4|| 25-62| 608-2) 89-0)| 32-28) 612-1) 95-7) 30-53) 616-5] 101-1 

Feb, 2 
3 

4 

5 || 25-68] 612-0] 88-9] 26-08] 607-3] 87-7|| 34-03] 615-8] 88-9|| 30-07| 615-6} 99-0 

6 

7 

25-35) 617-7} 83-9) 30-00] 612-6] 82-9] 33-83/ 623.9) 95-3|| 28-78) 636-3) 125-2 

25-76) 614-8} 85-1] 28-25] 601-8) 91-4) 36-38) 624-8] 101-5}| 33-15) 616-6) 109-7 

9 || 27-23] 615-8] 82-1) 26-49] 605-7| 92-4) 33-96] 609-9) 95-3|| 28-72| 619-9] 94-7 
10 || 25-01] 615-7| 85-1|| 26-75] 606-1] 87-9] 32-82) 611.2) 94-7|| 29-39) 620-0) 98-5 
11 || 24-62) 617-5} 87-5) 25-22) 603-5) 107-5|| 31-54| 604-9] 92-4|| 28-79) 619-7) 93-4 
12 || 24-89) 628-4) 79-9) 25-49] 613-7| 85-3|| 29-60) 608-7; 81-8) 29-65] 626-0} 84-7 
13 || 24-48] 632-8) 79-1|| 25-82) 615-1) 80-1] 33-83 614-1} 76-4|| 31-00) 624-3) 89-9 
14 || 24.89) 619.9) 85-4) 27-03] 615-1] 84-5) 32-95) 617-3) 83-4) 29-12) 620-8) 85-7 

16 || 35-98) 642-3|—13-4|| 27-84| 591-6) 132-0)| 29-60) 633-2) 157-9|| 24-54| 635-0) 190-5 
17 || 28-72) 585-2) 114-0) 26-03] 579-1] 140-7] 30-86) 607-5] 153-8]| eeere+ | cee eee | eee eee 
18 || 7-04) * | «-s-- 24-01] 604-1) 114-6] 48-03] 693-2) 206-2) 52-53} * | 357-1 
19 || 32-41] 562-5} 88-4) 25-42) 580-4) 130-7], 39-21) 679-1| 152-1|| 29-39) 686-6) 223-7 
20 || 28-78) 454-8|—45-9|| 34-50) 577-0] 163-6]| 28-85] 679-5) 201-2|| 19-09) 637-3) 188-2 
21 || 27-31) 599-3) 99-7) 27-16) 580-9) 117-7] 41-50) 622-8) 133-3}| 31-81| 667-2) 219-4 

23 || 31-74) 604-1] 100-9) 26-08) 579-2) 113-2} 33-29] 596-3) 118-1|| 32-08] 603-8] 145-3 
24 || 24-54! 602-5) 106-8) 25.96) 587-3) 101-3] 33-76] 605-4) 108-6|| 29-85) 603-0) 116-4 
25 || 25-01| 608-1) 105-0)| 25-68) 595-9) 104-3) 31-00) 596-2) 102-7)| 28-72) 610-9) 57-0 
26 || 29-65] 617-9; 89-7|| 33-83] 592-3) 99-3)| 33-83] 605-5} 99-8|| 31-26] 612-0) 114-1 
27 || 25-15) 607-6} 106-3) 27-43) 600-3| 107-0) 31-06] 612-2) 102-0] 35-78) 614-1] 147-2 
28 || 28-05] 606-5) 99-3) 33-15] 606-9) 102-6)| 31-14] 603-7} 107-9} 30-33] 607-9) 135-2 

* Out of field. 



Géttingen 
Mean 

Time. 

Civil Day. 

Mar. 

Apr. 

aOnrk wore 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING MARCH AND APRIL, 1852. 

Decln. 

24° 4 

ents 

26-16 
25-62 
24-69 
30-33 
23.94 
22-31 

32-21 
24-01 
21-52 
21-99 
23-94 
27-16 

24-75 
21-78 
26-35 
29-72 
25-68 
24-27 

22-31 
22-11 
21-72 
21-84 
27-31 
30:86 

23-40 
21-52 
21-32 
22-11 
28-11 
20-96 

18-62 
22-19 
21-17 
27-78 
25-29 
24-89 

21-72 
29-05 
22-59 
32-82 
25-29 
30-53 

33-70 
23-86 
22-66 
22-19 
28-78 
28-58 

8 A.M. 

Bifil. | Balce. 

Cor- | Cor- 
rected.| rected. 

s¢. div. |mic. div 

604-1) 96-3 

606-2) 97-7 

604-8} 94-8 

607-5] 91-9 

606-3) 92-4 
608-2) 87-6 

602-9) 111-5 
607-7} 86-9 
605-2) 96-6 
617-1] 101-5 
622-0) 85-7 
600-3) 91-7 

621-4 
611-1 
610-4 
611-2 
613-4 
616-1 

86:0 
95-4 
82-7 
65-2 
95-3 
83-6 

87:7 
92.4 
97-0 
92-4 
86-6 
47-1 

601-3 
613-5 
610-3 
612-5 
619-3 
597-9 

68-5 
69-4 
91-4 
73:8 
89-6 
74:4 

607-0 
603-3 
610:8 
603-4 
600-4 
602-4 

74-2 
83-5 
91-1 
89-7 
78-0 
66-8 

605-1 
603-5 
607-2 
615-4 
618-0 
625-8 

97-9 
88-7 
86-5 
82-8 
77-6 
88-5 

605-4 
604.7 
609-9 
617-7 
607-6 
605-4 

599-0} 71-7 
597-9] 75-4 

=) jet9-3 
593-2) 95-1 
573-4) 40-0 
589-7} 63-9 

80-9 

11 a.M. 

Decln. Bifil. | Balce. 

2 4° fy Cor- | Cor- 

* Irected.|rected. 

‘ se. div. |mic. div 

31-74| 602-9} 54-7 

30-80} 614-7] 100-6 

27-31| 605-0} 93-8 

27-50} 601-1] 101-7 

28-58] 599-0} 106-4 

28-58] 592-5} 90-8 

34-63 
24-48 
28-85 
34-90 
28-58 
38-60 

588:8 
587-5 
592-1 
597-5 
606-5 
566-3 

107-6 
94-5 

101-2 
88-7 
86-0 

103-6 

26-49) 599-0 
26-44) 604-4 
19-70) 590-6 
30-00) 597-0 
27-58) 594-1 
27-03) 597-2 

102-3 
94-7 

100-8 
86-2 
95-3 

100-2 

25-68] 597-2 
27-31) 592.2 
24-21) 592-2 
25-15) 600-1 
27-11) 607-4 
27-16) 589-0 

81-6 
82-0 
95-7 
89-8 
81-9 

117-2 

29-52) 601-8 
25-62) 604-0 
29-65] 591-5 
28-85] 591-8 
26-29) 582-0 
29-52! 585-6 

79:0 
89-0 
82-9 

100-6 
103-6 
82-7 

30-86) 584-8 
29-60} 585-5 
27-16] 586-6 
28-31] 591-8 
26-83) 592-6 
28-51) 591-4 

77-0 
87-8 
81-5 
90-0 
71-6 
77-2 

27-58] 595-0 
29-18) 583-2 
28-85] 599-2 
28-45] 595-8 
28-45] 594-4 
25-89) 601-3 

91-6 
88-3 
79:7 
85-5 
77:3 
86-2 

30-39} 600-5 
27-38) 605-0 
33-49} 593-1 
27-38) 584-1 
31-34] 570-8 
24-42) 586-8 

75-7 
78-8 

91-5 

89-9 

27-03) 599-3 
28-11) 596-2 
27-98) 605-8 
25-29) 600-3 
27-43} 648-8 

87-7 
83-4 
77-7 
78:3 
79-8 

76-9) < 

98-3)) ¢ 

2 P.M. 

Balce. 

Cor- 
rected. 

Bifil. 
Cor- 

rected. 

Decln. 

24°+ 

35-24 
31-51 
31-14 
33-15 
34-43 
36-58 

mic. div 

117-3 
111-4 
97.3 

105-7 
100-4 
100-6 

se. div. 

614-7 

602-8 

607-7 
614-1 

623-1 
615-4 

36-05 
35-98 
34-77 
35-58 
39-54 
35°51 

619-7 
607-6 
602-1 
605-3 
592-8 
607-0 

33-76 
36-79 
33-02 
34-63 
32-21 
37-39 

606-3 
615-5 
602-5] 115-3 
609-4| 101-7 
618-6] 108-1 
613-4) 95-5 

613-4) 120-8 

612-6 
603-8 
600-0 
612-2 
605-1 
620-2 

90-6 
91-7 
90-3 

133-7 
93-6 
90-2 

643-2 
616-2 
607-1 
615-1 
620-3 
609-8 

100-6 
86-0 
79-5 
62:5 
85:5 
88-9 

9| 612-1 
606-8 
604-9 
615-7 
622-1 
622-4 

132-0 
88-8 
85:0 
89-8 
89-2 
80-4 

613-0 
624-4 
688-5 
612-9 
602-4 
607-8 

90-6 
85-6 

193-0 
103-5 
104-1 
100-9 

35-51] 612-6 
33-29] 611-6 
34-70) 619-7 
33-15] 618-1 
34-16] 619-9 

81-4 
83-0 
69-4 
70-5 
76-3 

* Out of field. 

Balce. 

Cor- 

rected. 

Bifil. 
Cor- 

rected. 

Decln. 

24° 4. 

mic. div 

110-6 

112-1 

113-1 

104-8 

112-5 

150-9 

se. div. 

624-4 

610-7 

615-1 

617-2 

625-5 

637-9 

29.25 
27-43 
27-70 
29-92 
33-96 
33-89 

611.2 
607-8 
617-3 
615-1 
614-2 
624-2 

129-6 
119-0 
118-7 
100-0 

145-7 
128-8 

27-70 
34-57 
31-48 
30-12 
29-45 
25-42 

623-6 
627-0 
628-9 
618-1 
630-2 
633-9 

100-7 
109-5 
144.9 
105-7 
118-6 
125-3 

29-39 
29-33 
21-78 
26-75 
20-43 
33-15 

23-86] 618-3) 108-9 
27-98] 617-2) 96-3 
27-70) 615-2) 96-8 
29-12) 622.2) 91-2 
33-83] 653-4) 74-2 
31-67| 618-6) 124.2 

28-85] 623.4 
29-52) 631-2 
29-39] 617-1 
31-26) 625-4 
32-55] 646-8 
28-11] 621-3 

95-0 
120-8 
89-0 
96-5 

132-6 
116-6 

33:09 
29-60 
29-92) 619-4 
30-39] 619-8 
32-21] 607-0 
26-71) 632-4 

627-7 
622-5 

152.7 
101-1 
87:8 
88:8 

138-6 
97-6 

26-83] 621-4 
30-19} 626-1 
29-18] 630-8 
29-25] 627-0 
30-47] 644.8 
27-84| 634-9 

86:9 
117-3 
94-4 
99-0 

118-9 
94-4 

28-45| 624-9 
39-27| 646-5 
32-21] 700-3 
31-14] 626-5 
28-25] 651-1 
26-35] 636-6 

103-3 
209-4 
220-0 
108-0 
117-7 

24-07] 638-2) 127-7 
28-65} 624-3) 109-8 
27-03] 625-6} 95-9 
28-45] 626-5) 79-3 
30-47| 641-2) 85-1 

120-7 

53-6 

Balance. 

ll a.m.| 2 P.M 

37-1 38-5 

35-7 | 36-1 

35-3 | 37-3 

33-1 35-3 

39-7 | 41-7 

42-6 44-1 

39:6 | 40-9 

41-3 42.4 

40-1 40-4 

39-4 | 40-1 

40:5 | 42.7 

39-4 39-2 

40-4 | 42-0 

43-0 43-4 

42.2 | 42.2 

41-4 42-6 

38-2 | 38-5 

39-5 | 42.4 

46-7 | 46-9 

50-7 53-4 

51-6 | 49-9 

40-6 | 40-9 
BS<a ||) weenie 

38-3 | 39-6 

38-1 40-0 

42-3 | 42-5 

41-2 | 42.3 

40-8 | 43-0 

40-1 42.6 

42-1 44-6 

40-5 | 43-8 

39-8 | 42-8 

43-9 46-1 

43-8 44.2 

47-6 | 49-1 

47-2 | 49.2 

49.0 | 52.2 

50-2 | 53-2 

51-0 54:1 

51-8 53-8 

48-8 49.7 

47:0 | 50:8 

43-6 | 46-1 

46-1 48.9 

50-3 53-2 

49-6 | 51-9 

49-4 | 50-6 

47-1 | 48-2 

44-5 | 45-5 

46-5 | 48-0 

46-2 | 47-0 

51-0 | 53-7 

52-6 51-7 

27 

Temperature of Bifilar and 



28 

Gottingen 
Mean 
Time. 

Civil Day. 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING MAY AND JUNE, 1852. 

8 A.M. 11 a.M. 

Decln. 

24° + 

19-50 

eeeree 

Bifil. | Balce. 

Cor- | Cor- 
rected.|rected. 

sc. div. |mic. div 

611-8} 64-6 

eereee 

7|| 22-45 
7|| 23-74 
5|| 32-68 

Bifil. 
Cor- 

rected. 

Decln. 

24° + 

us se. div. 

591-8 

erecee | ees vee 

24-95) 600-5 
24-81) 601-8 
23-66] 607-4 
26-44| 617-0 
28-31] 607-6 
23-54) 616-1 

seeeee | eoeree 

28-51) 599-9 
26-16) 602-1 
26-83) 601-1 
31-00) 571-8 
28-92) 576-4 
25-89] 600-9 

607-0 
605-7 
606-6 
604-2 
611-5 
607-7 

28-25 
27-31 
26-29 
22.45 
26-03 
23-46 

27-03 
24-75 
27-98 
26-22 
28-37 
28-65) 

605-8 
618°8 
604-5 
611-1 
608-2 
086:5 

23-86] 597-7 
25-62] 608-4 
32-95] 592-3 
22-45] 602-6 
25-42] 591-6 
24-01] 598-1 

595-5 
599-2 
601-8 
595-9 
608-6 
603-1 

23-54 
24-69 
23-94 

23:80 
27-58 
28-05 

Balce. 

Cor- 

rected. 

mic. div 

71-3 

Decln. 

24° + 

ere eee 

2P.M. 

Bifil. 
Cor- 

rected. 

se. div. 

609-2 

Balce. 

Cor- 
rected. 

mic. div 

80:3 

eoceee 

5 P.M. 

| Bifil. Balce. 

Cor- | Cor- 
rected, rected. 

se. div. |mic. div 

647-9) 94-1 

0| 649.4 

635-2) 100-0 
630-1) 88-4 
621-7) 85-0 

642-0] 89-2 
611-8) 135-5 

644-6} 100-6 
623-1] 76-8 
645-6] 89-2 
628-9} 75-1 
626-2) 85-1 
629-7| 92-5 

626-6 
639-1 
639-6 

83-3 

637-4 
635-3 

644-1 
643-1 
643-5 
666-0 
618-2 
626-2 

634-7 
627-3 
629-6 
630-3 
643-2) 113-5 
636-7| 109-8 

627-7 
627-0 
632-4 
629-5 
662-1 
635-5 

95-4 
110-8 

627-3 
635-3 
641-8 
626-6 
632-5 
636-1 

625.7 
630-3 
629-5 
641-4 
624-7 
628-1 

640-4 
634-9 
635-8 

eeeeee 

Temperature of Bifilarand 

.|llam.| 2 P.m.| 5 P.M. 

i 

Balance. \ 

50-0 

46-8 | 47-9 | 49-4 
46-1 | 48-6 | 51-6 
49-9 | 51-1 | 52-3. 

52-9 | 53-9 | 55-0 
BN y Ms cciaoc 57-7 

B37! tenon 56-5 

51-6 | -52-2 | 53-0 

49-6 | 51-1 | 53-8 

53-0 | 54-7 : 
52-6 | 52-6 
49-7 | 50-5 

54-2 | 56-2 
ereeee 57-6 

52:0 | 52-4 
50-6 | 52-8 
51-9 | 52-2 
49-1 | 50-6 

51-1 | 53-8 | 56-2 
53-7 | 55:6 | 58-5 
51:6 | 52:0 | 52.3 
50-3 | 51-1 | 52-1 
50-6 | 51-0 | 53-8 
50-0 | 50-8 | 51-4 

49-1 | 51-1 | 53-0 
49-2 | 51-1 | 52.9 
50-4 | 51-9 | 52-6 
51-4 | 53-0 | 54-2 
52:0 | 55-1 | 57-7 
54:3 | 57-3 | 60-0 

55-2 | 56-6 | 58-0 
55-7 | 55-8 | 56-3 
54-2 | 54-2 | 54-6 
52-6 | 53-5 | 53-8 
49-6} 51-1 | 52-5 
52-2 | 54:2 | 54:3 

54:5 | 55-3 | 56:3 
55-2 | 57-8 | 59-5 
56-1 | 56-6 | 56-6 
55-6 |. 57:3 | 59-1 
57-1 | 58-6 |. 60-2 
59-2 | 60-2 | 61-7 

63-8 | 65-1 | 66-9 
61-2 | 61-8 | 62-2 
58-0 | 59-9 | 620] 
58-2 | 60-1 | 61-8] 
60-2 | 61-3 | 62-7} 
60-3 | 60-5 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING JULY AND AvuGusT, 1852. 

Gottingen 
Mean 
Time. 

Civil 

July 

Aug. 

Day. 

1 
2 
3 

—_ SCUOUONOMN 

8 A.M. 

Bifil. 
Cor- 

rected. 

Decln. 

24°+ 

U se. div. 

22-98] 620-1 

19-36) 614-1 

15-32) 610-9 

26-03} 604-3 
18-88] 609-9 
18-15} 609-3 
32-08) 556-2 
17-40} 606-8 
35-84) 589-4 

589-3 
599-6 
607-4 
611-9 
601-6 
611:5 

19-97 
20-23 
20-49 
22-92 
16-54 
18-94 

609-4 
17-80} 611-8 
18-01) 612-0 
16-93} 616-3 
14-91) 609-0 
27-31) 612-2 

18-74 

18-62) 606-8 
20-64) 615-9 
28-51| 614-6 
20-96) 608-4 
22-66] 602-3 
26-75) 609-4 

20-76} 605-4 
16-40) 610-5 
18-27] 608-3 
29-05) 617-6 
20-90} 604-8 
25-01} 615-3 

18-41) 612-3 
18-41) 620-0 
17-21) 601-4 
18-74| 597-5 
18-94) 607-4 
15-19] 606-0 

610-6 
603-7 
610-8 
618-2 
616-5 
614-7 

14.71 
18-82 
17-74 
17-28 
16-54 
15-52 

21-11 
34-43 
18-88) 594-1 
18-35) 604-8 
21-84) 610-0 
22-72) 609-9 

610-0 
608-8 

18-27| 614-0 
20-09) 613-4 

Balce. 

Cor- 

rected. 

mic. div 

74-2 

85-5 

87-7 

24° + 

}| 27-43 

11 AM. 

Bifil. 
Cor- 

rected. 

Decln. 

se. div. 

607-5 

611-2 

593-2 

25-68 
22-92 
26-96 

23-46} 596-9 
600-1 
602-7 
577-1 
606-6 
606-8 

23-74 
37-12 
23-13 
25-08 

22-66 
25-35 
25-01 
26-16 
27-03 
24-54 

604-1 
586-6 

24-48 
24-07 
21-38 
23-80 
24-13 
24-01 

24-33 
24-21 
30-00 
28-45 
19-70 
27-16 

24-75 
23-74 
22-86 
24-01 
23-74 
25-55 

24-27 
23-60 

24-54 
26-56 
29-72 

25:42 
25-89 
25-22 
23-19 
21-72 
25-55 

31-67 
28-11 
28-98 
25-68] 6 
29-18 
27-43 

24-13 
24-42 

Balce. 

Cor- 

rected. 

mic. div 

68-4 

2 P.M. 

Decin Bifil, | Balce. 

24° 4 Cor- | Cor- 
rected.|rected. 

4 se. div. |mic. div 

29-12) 612-5) 78-6 
30-47) 621-0} 75-3 
30-39] 627-9) 88-0 

30-80 
30-47 
29-33 
31-74 
30-80 
37-06 

609-7 
616-2 
632-4 
617-6 
617-6 
635:5 

100:8 
101-2 
107-1 
104-9 
89-9 

120-4 

30-07 
30-74 
32-68 
28-05 
31-14 
28-72 

617-1 
622-4 
621-0 
622-4 
632-3 
616-0 

85-4 
94-4 
99-5 
98-7 

118-4 
95-4 

611-4 
611-1 
615-8 
615-8 
629-3 
621-8 

30-39 
31-14 
30-74 
31-48 
33-09 
34-84 

96-3 
92-7 
85-0 
78-4 
80-4 
86-7 

33-29 
28-78 
32:35 
33-49 
31-81 
29-80 

641-0 
634-8 
607-2 
616-6 
606-3 
616-5 

91:5 
87-3 
96:8 

109-8 
110-9 
102-8 

621-4 
614-1 
624-1 
621-7 
620-5 
616-8 

31-41 
30-07 
30-00 
30-59 
31-41 
26-44 

92-1 
85-3 
88-6 
80-5 
76-6 

102-9 

30-74 
30-59 
30-12 
29-80 
31-21 
31-94 

614-5 
632-6 
623-3 
626-8 
614-4 
645-4 

78-4 
75-1 
88-1 
83-5 
92-1 
87-6 

622-5 
627-2 
601-9 
613-9 
621-0 
615-2 

30-19 
31-61 
32-08 
32-35 
30-94 
31-67 

85-0 
93-0 
78:7 
75:0 
81-3 
80-5 

627-9 
619-9 
595-6 
605-4 
611-1 
617-9 

35.04 
35-04 
32-62 
28.25 
33-70 
21-99 

94-8 
109-5 
108-5 
94-3 

100-2 
107-1 

31-00) 620-1] 80-4 
30-94) 616-5} 79-1 

5 P.M. 

Bifil. 
Cor- 

rected. 

Balce. 

Cor- 
rected. 

Decln. 

24° +4 

mic. div 

102-4 
4 sc, div. 

26-22! 633-3 

28-31) 634-0 
secewe | coesee 

26-96) 628-5 
27-70) 640-0 
30-94| 631-7 
27-38] 622-0 
30-00 624-7 
28-78) 677-4 

28-45 
29-12 
26-71 
27-78 
28-37 
25-15 

646-5 
632-4 
640-0 
625-6 
632-7 
629-3 

27-16 
25-01 
28-11 
27-50 
28-58 
27-98 

631-7 
630-1 
628-5 
637-0 
636-3 
632-1 

97-7 
92-8 

26-16 
24-62 
28-17 
28-78 
23-13 
29-33 

631-6) 104-6 
648-8) 108-0 
631-4) 120-1 
627-1] 122-0 
646-8) 162-2 
616-1) 130-8 

26-56 
27-16 
27-38 
29-39 
26-71 
25-42 

622.4 
638-7 
632:8 
637-1 
632.9 
634-2 

102-7 
95-1 

103-4 
90-5 
94-8 

101-1 

26-49 
24-62) 625-1 
24-95) 631-5 
27-43) 640-4 
22-98) 627-0 
32-62| 622-2 

630-1) 93-0 
91-4 
98-6 

127-7 
104-8 
107-4 

22-98) 624-8 
24-81) 628-2 
25-22) 632-5 
28-05) 636-5 
25-82) 627-7 
25-01] 633-0 

98-6 
97-9 
95-0 
91-1 
93-0 
91-6 

25-29) 608-6 
31-41] 627-3 
28-17| 645-4 
15-26] 652-7 
26-16] 627-0 

86:5 
166-8 
130-7 
137:3 
119-7 

23-34! 615-1] 110-2 

26-49) 625-6} 103-3 
23-60] 627-6] 90-8 

29 

Temperature of Bifilar and 
Balance. 

8 A.M. | 11 4.M.| 2 P.M 

59-9 | 60-2 | 61-9 

60-9 60:8 61-5 

59-4 | 60-2 | 63.2 

70-5 71-5 73-7 

71-5 71-6 72-6 

68-3 68-1 69.2 

67-2 68-2 70:3 

68-3 68-9 71-7 

68-6 67-9 68-1 

63-4 | 64-4 | 67-3 

65-0 65-1 67-3 

66-4 | 66-4 | 69-3 

69:8 68-7 69-3 

66-2 66:7 69-4 

68-4 | 68-9 | 70-1 

65-5 65-8 67-6 

65-3 65-9 67:3 

66-0 66-6 68-1 

65-7 66-0 67-1 

62-6 62-9 65-5 

65-2 | 65-5 | 67-7 

66-7 | 66-1 | 65-6 

62-7 63-0 65-0 

64-2 64-1 66-4 

65-1 64-7 66-3 

67-9 | 68-9 | 71-2 

67-3 | 67-2 | 68-6 

63-4 63-4 65-0 

63-7 | 63-5 | 63-1 

57-6 58-3 61-2 

58-9 | 59-1 | 62-7 

60-3 60-6 63-1 

60-5 61-3 63-3 

59-1 59-8 61-9 

59-1 59-8 62-1 
BIRR! dees 61-4 

60-3 | 60-2 | 60-3 

56-9 57-5 60-3 

58-9 59-2 61-9 

58-5 58-7 60:3 

61-9 | 62-6 | 64-7 

62-9 62-9 64-6 

61-9 | 62-2 | 62-7 
60-8 61-4 64-0 

63-5 | 63-0 | 64-7 

61-8 62-1 64:6 

61-9 62-2 64-1 

63-4 | 62-6 | 62-4 

57-6 | 57-8 | 60-9 

60-3 60-7 63-7 

63-9 | 63-6 | 66-4 

63-3 62-8 63-8 

59-5 | 59-4 | 61-1 



30 DAILY OBSERVATIONS OF MAGNETOMETERS DURING SEPTEMBER AND OcTOBER, 1852. 

EID 
H i ae 8 AM. 11 AM. 2 PM. 5 PM. Temperature of Bifilar and 

Time. Balance. 

4 | Bifil. | Balce.|| pegin | Bifil. | Balce. || peejy,| Bifil. | Balce. | Bifil. | Balce. 
) Civil Day. ||; 4 Cor- | Cor- 24° : Cor- | Cor- ||<¢ 4° + Cor- | Cor- Cor- | Cor- 
; rected.|rected. rected.| rected. rected.| rected. rected.| rected. 

pondig: micas ited se. ae nic. div Y se. div. |mic. div se. div. |mic. div 

617-9} 102-9|| 26-08] 607-8] 80-0)| 37-59] 646-2) 73-0 -06) 649-1) 98.2 

2} 615-5| 86-1|| 25-29) 604-1} 85-9)| 29-80) 622-3) 77-8 -56| 631-8) 92-1 

617-2) 55-3) 24-75) 599-4| 74-3]| 31-41] 621-6} 83-9 -55| 632-1] 93-9 

621-0} 31-0}) 30-94) 596-9} 64-9)| 40-01) 605-5) 99-9 -55| 630-2) 123.2 

610-4} 95-1} 24-48) 601-7) 83-6) 32-28) 615-4) 86.4 52) 640-9) 74-7 
614-0 -2!| 25-01} 609-5) 88-2|| 28-17] 620-1 : -1 1} 635-8) 112-9 
609-2 -0|| 24-81) 590-1] 84-6] 28-98) 611-8 : -25).619-7| 127-5 
604-8 -5|| 28-65] 595-4) 73-7|| 31-06) 634-0 . -41| 650-6) 117-6 
596-3] 13-8]| 29-92) 593-1) 92-8]| 26-96) 617-3 . -17| 621-6] 118-2 
592-0 -8]/ 31-00] 584-8} 78-9] 27-70] 623-5 . -76| 619-4) 124-0 

606-5 -5|| 24-27| 605-1| 74-6] 29-33] 614-1 . -70| 618-6] 96-3 
611-2 -0|| 26:44] 607-7] 82-4] 28-72) 624-9 : -89| 624-7 
616.4 -0|| 25-35] 600-8] 86-0)| 27-84) 616-7 : 2-78) 623.3 
613-6 -0|| 25-22) 596-2) 80-7] 31-88) 630-0 : -92| 630-1 
627-2 -2!| 29-85] 605-9} 83-6] 35-84) 628-9 : -01| 661-3 
612-0 -0]) 22-51} 605-1] 83-0) 27-84] 610-3 . -81) 627-4 

607-3 ; ; 5 -7|| 33-09] 607-4 . -00| 620-7 
612.4 : ¢ : -6]| 30-39] 627-3 . -16} 633-4 
597-7| 36-6|| 29-33] 596- .4|| 29-18] 596-1] 126-6|| 20.37| 621-6 
629-3 
615-7 
611-6 

617-0 
620-9 
623-7 
615-6 

3) 612-4 
614-9 

611-7 
627-5 

5} 617-3 
616-0 
613-2 “ 
611-2 : 80} 608-5 

(| 621-6 . 42):598-8 
618-9 : ‘98}'601-2 
624-0 . +13) 607-2 
621-2} 129-3 -48] 603-8 
621-8) 79-8] 23-54) 610-3 
621-3]; 74-8]| 26:08] 612:3 

612-3) 76-8 -41| 597-9 
3} 621-1; 80-0 15} 606-0) 87-7 
5} 610-9} 80-0|| 31-26) 593-5] 103-0 

599-8} 82-9 -65| 585-9] 95-0}) 2 
606-9} 91-9] 24-27| 602-9} 98-1 : 

2\'616-4) 90-5 -60) 601-7) 88-2 -38/ 610-5) 136-8 

617-8} 80-1)| 20-90} 607-0} 78-7 -37| 619-1) 79-2)) : 
}} 621-5}; 75-6] 23-46) 611-7| 72-6 -83| 624-1) 77-4 

625-4], 78-1|| 24-07) 611-3) 79:5 58} 625-0) 79-5 
624-0} 79-8] 22-31] 608-2) 83-3 03) 620-6] 80-2 : 
630-1}; 74-5|| 26-75) 612-0} 80-0 621-0} 77-3|| 26-49) 632-9 
603-8); 83-7] 26-96] 605-9} 80-3|| 27:11] 619-8) 87-7)| 24-07) 622-4 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING NOVEMBER AND DECEMBER, 1852. 

Gottingen 
Mean 

Time. 

Civil Day. 

Dec. 

a 

8 A.M. 

| Bifil. 
Cor- 

rected. 

f se, div. 

609-0 
3} 618-5 

619-6 
612-6 

617-9 

619-1 

622-3 
623-2 
626-2 
636-7 
577°4 
621-0 

613-7 
623-7 
616-6 
626.2 
622.2 
630-5 

627-2 
628-7 
630-9 
625-2 

3) 623-5 
618-7 

628-6 
634-4 
643-7 
626-4 

-99| 607-9 
628-8 

2) 636-8 
625-3 

2| 624-1 
626-0 
625-6 
621-1 

629-9 
630-0 
629-1 

}| 625-5 
636-7 
626-2 

627-3 
626-6 
629-9 

| 628-8 
Z| 620-4 

625-4 

627-2 
631-5 

3] 617-9 
21-52] 622.3 
20-09) 624-0 

Balce. 

Cor- 

rected. 

mic. div 

66-8 

68-5 

75-9 
71-9 
72-2 

70:1 

76-4 
73°7 
63-2 
62-8 
70-8 
71-3 

80-7 
78:4 
82-0 
75-9 
82:2 
74-4 

73-2 
68-9 
68:5 
66-8 
63-8 
62-3 

67-7 
71.0 
25-7 
62-7 
48-0 
65-2 

1l A.M. 

Bifil. 

Cor- 

rected. 

Decln. 

24° 4. 

se. div. 

597-7 
600-2 
605-6 
608-2 
609-6 
599-8 

27-43 
24-69 
25.82 
22-78 
28-92 
24.27 

22-05 
23-46 
25-01 
23-40 
25-01 
26-83 

605-9 
609-5 
615-9 
617-4 
594-8 
570:5 

22-51 
23-66 
23-54 
30-07 
24.01 

613-5 
611-9 
596-8 
610-1 
613-7 

Balce. 

Cor- 
rected. 

mic. div 

78-1 
77-0 
79-4 
81:7 
76-1 
80-4 

83:3 

21-99] 617-7 

23-13 
24-07 
22-11 
22-31 
22-66 
22-51 

618-4 
621-4 
617-7 
621-3 
623-3 
617-8 

21-84 
22-51 
26-44 
26:08 
29-18 
28-72 

618-2 
620-9 
605-0 
611-7 
617-6 
625:°8 

21-72 
23-80 
22-78 
24-89 
23-80 
24:95 

620-9 
612-7 
622-7 
618.2 
610-2 
614-7 

615-4 
605:8 
614-9 
617-4 
624-7 
620-3 

2| 626-8 
623-7 

9| 626.2 
627-3 
623-8 
619-6 

619-7 
615-8 
619-1 
613-4 

21-32) 615-4 

64:3 
44-6 
72-4 
73-0 

80:9) 

625-8) 73-4 

31 

2PM. 5 PM Temperature of Bifilar and 
Balance. 

Decin,| Bifil. | Balce. || pegiy,| Bifil. | Balee. 
24° 4 Cor- | Cor- 24° 4 Cor- | Cor- || 8 A.M. | 1lla.m.| 2 p.m. | 5 PM 

rected.|rected. rected. |rected. 

, sc. div.}mic. div 4 se. div, |mic. div > ki hy 2 

32-48] 611-9} 90-8|] 25-08) 623-6) 119-5|| 49-5 49-8 51-2 52-4 

31-61] 620-7} 85-4)! 24-42) 624-8] 85-6] 52-6 52-5 54-0 55-4 

26-35} 612-3} 78-8]| 24-42) 635-6] 81-2] 52-0 51-7 52-4 52-9 

29-80) 617-5) 84-5)| 22°39) 623-2} 86.4|| 46.4. 46-6 48-0 50-0 

31-00} 611-6) 87-8|| 24.54) 619-7} 94-5) 47-1 47-2 48-1 49-7 

28-37| 612-7| 81-9|) 25-68) 626-4) 87-2)| 48-4 47-9 48-5 49-0 

26-83] 615-6] 93-2)| 23.86) 623-9 79-2 52-9 52-8 53-1 53-0 

27-11} 617-2] 78-2|| 23-27) 624-8) 80-6|| 48-3 47-7 48-1 47-8 

29-52] 627-3| 74-4|| 24-81] 624-8] 82-5)| 44-0 43-0 43-1 44.3 

27-43] 622-1] 73-7|| 28-58] 638-7] 76-4 40-8 40-5 40-8 41-1 

31-74| 618-9] 91-3]| 28-72] 631-5) 125-8} 40-4 39-9 41-0 41-9 

30-12! 610-5} 112-5|| 3-55) 609-2) 167-0)| 39-5 39-2 39-7 40-1 

25-76| 618-7} 87-2|| 22:59] 627-2) 93-2|| 39-2 39-3 40-0 40-6 

25-35] 622-0} 81-0)| 24-48) 626-0} 83-9) 42-7 43-5 44-4 45-5 
25-42) 610-3] 97-8]| ----. | cease aisles 452 45-3 47-0 | ccccee 

31-48] 610-6] 103-8] 26-03] 622-81 116-6] 45-0 44-8 44.9 45-3 

25-01] 623-2} 86-2|| 22.39} 622-8) 88.6) 41-7 41-2 42-1 42-7 

24-27| 616-3) 79-8]| 22-78] 626-1) 81-0] 43-4 43-3 43-5 43-8 

24-54| 628-5) 81-0!| 22-66) 629-7| 77-4|| 39-7 39-4 40-7 41-4 

25-29] 631-9] 74-7|| 26-49] 627-2) 84-6) 38-1 37-6 38-7 40-4 

25-49] 625-8] 72-7|| 24.27] 631-7| 76-4] 36-6 36-0 36-3 36-9 

| 26-03) 630-8] 65-3]| 23-40! 632-2} 69-8]| 34-1 33-2 33-6 34-1 

24-21] 625-5| 70-4|| 25-49) 644-7| 71-9) 37-6 39-0 41.4 43-2 

28-91) 628-4) 79-8) 24.07] 626-6) 83-6] 41-8 41-2 42.2 43-5 

25-55) 625-0} 73-9/| 23-13) 631-7| 75-8] 36-5 36-0 36-1 36-7 

26-03} 625-9] 67-9]| 24-42] 634-4) 71-5) 32-9 30-9 30-6 31-6 

30-12} 614-8} 99-4|| 23-34] 629-5} 85-2) 33-4 34-8 36-5 38-7 

25-01} 610-5] 79-7]| 26:96] 619-3} 78-2] 38-1 38-5 39-3 39-5 

30-59] 608-1} 97-8]) 22-78] 630-0} 81-7|| 38-0 38-1 38-7 39-9 

24-69] 625-5} 62-4|| 23-40] 630-9} 72-3)| 38-5 39-7 42.2 44-6 

-5|| 30-12] 656-5} 56-5|| 26-29] 647-5| 67-7) 44-8 44-6 45:3 46:0 

26-35] 624-4) 74-1|| 22-95] 622-0) $2-7|| 43-7 42.9 43-1 44-4 

26-83] 630-2) 71-7|| 23-60) 630-4] 70-9) 39-8 39-3 40-1 40-2 

27-84] 622-6] 76-9] 24-21/629-0] 79.9] 41-4 40-8 41-8 42.5 

30-07] 583-0] 147-0)| 23-13] 631-2] 84-5] 43-5 44-3 45-7 46-6 

25-22) 623-4] 89-4/| 15-38] 632-4] 103-0} 47-6 48-2 49.4 49-7 

24-81) 622-6] 83-4/| 1-732) 648-4) 64-2) 44-8 43-4 42-6 42-6 

24-01] 600-4) 93-1)| 20.29] 627-7 100-6) 41-2 | 41-2 41:3 41-6 

| 24-01) 620-1) 67-2)! 21-44] 630-6 73-7) 42-4 42-5 42-6 43-5 

23-19) 620-3} 71-2)| 21-44) 626-5) 68-6) 42-0 41-6 41-9 41-8 

23-80] 623-2! 62-4)| 23.19] 634-1] 67-0] 42-8 42-9 43-2 43-2 
cee cce | cowsee | cocecs 20-09) 619-4) 94-1 39-8 B8-Q | eevece 38-3 

| 24-48] 628-7 67-5|| 22-11] 629-5} 67-3)| 49-0 49-4 50-0 49-7 

-9| 24.07| 625-9} 67-4|| 22-31) 631-6} 66-3] 43-1 42-0 41-9 42-3 

24-07) 645-9} 60-6)| 22-51) 630-6] 62-9) 38.1 37-4 37-0 36-9 

24-62) 626-1} 65-4|| 25.35] 624-4) 75-4/| 36-6 36-7 37-6 38-9 

24-42) 617-2) 73-3|| 21-78] 631-0} 79-9) 39-4 40-1 41-4 42-6 

23-94] 629-5} 72-0]| 15-73) 617-9) 86-5|| 42-6 42-3 42-7 43-5 

| 23-74| 624-5) 62-8) 21-58} 629-5) 66-4|| 44-1 44-5 44.7 45-0 

26-08] 618-8) 71-1)| 21-72) 624-2) 85-9)| 41-6 41-1 41-3 42-6 

26-83] 612-9) 77-5|| 19-70] 629-7] 145-3)| 39-8 39-4 39-4 40-0 

22-86] 610-1] 75-0)| 20-43] 621-7| 75-2|)| 44-3 44-6 45-1 45.4 

23-34| 620-0) 71-4|| 21-1] 43-1 43-5 44-5 45-2 



32 DatLty OBSERVATIONS OF MAGNETOMETERS DURING JANUARY AND FEBRUARY, 1853. 

Gottingen 
Mean 
Time. 

Civil Day. 

8 A.M. 

Decln,| Bifil. | Balce. 

° Cor- | Cor- 
2d + rected.|rected. 

se. div. |mic. div 

19-03) 630-8 63-4 

21-78] 626-3 
19-90} 629.7 
19-76) 626-0 
21-32) 632-7 
25-15) 635-0 
23-13) 629-7 

51-6 

22-78] 627-8 
20-49] 627-9 
20-37| 629°6 
21-44) 634.9 
21-38] 629-2 
21-25) 637-0 

20-90) 634-7 
20-64) 630-1 
28-72) 623-1 
19-56) 627-5 
19-90 
20-37 

20-17 
20-29 
19-62 
19-56 
20-37 
19-97 630-0 

19-62) 624.9 
21-11) 633-6 
20-57} 623-5 
19-76] 629-4 
23-80] 626-4 
19-62) 628-6 

19-70) 633-3 
20-76 
19-70 
18-88 
19-23 
20-03 

17-60 
20-43 
19-70 

| Bifil. | Balce. 

68-6) 2 

11 aM. 

Cor- | Cor- 
rected.| rected. 

se. div. |mic. div 

623-1) 63-3 

65-1 
58-4 
67-7 
655 

619-8 
630-2 
620-8 
619-1 
626-4 
615-8 

620-0 
619-1 
623-2 
614-3 
622-0 
625-0 

626-2 
634-1 
633-9 
623-4 
611-7 
624-1 

626-5 
621-1 
626-0 
621-5 
611-7 
622-7 

2 P.M, 5 P.M. 

Decln. Bifil. Balce. 

24° 4 Cor- | Cor- 

rected.| rected. 

se. div. |mic. div 

620-0) 65-3 

627-1 
643:0 
621-6 
627-0} 68-2 
626-4) 63-9 
625-9) 104-5 

60-6 
68-5 
68-7 

618-9 
624-8 
631-2 
620-2 
631-9 
621-3 

78-5 
68-5 
61-2 
77-5 
62:3 
61-8 

629-3 
25-35) 634-2 
23-80} 614-1 
24-21| 624-6 
27-64| 623-1 
22.98) 625-8 

55:5 
54-G 
67-4 
61-6 
66-0 
61-8 

24-54/ 631-1) 55-5 
27-23) 625-8] 59-4 
24-27| 628-2) 59-1 
24-01| 627-0) 55-9 
31-00} 627-5) 61-4 
26-03] 631-8] 60-7 

24-54| 621-2) 65-8 
24-54] 607-4) 55-3 
25-82) 615-6) 71-1 
24-13) 620-9) 61-5 
24-27) 626-2 57-7|, 
22.25) 623:6 

22-78} 628-1 
25-68] 627-0 
22-78] 629-7 
23-07] 633-7 
24-21) 627-7 
24-01} 627-2 

54-0 
58-9 
47-9 
49:8 
57-2 
59-5 

31-61) 624-4 
25:62 
26-16 

65-9 

60-2 
55:6 

59-2!) 

74-8) 

65-9) 
66-0|| £ 

Decin,| Bifil. | Balce. 
Ae Cor- | Cor- 

rected,|rected, 

, se. diy. |mic. div 

21-58] 626-4 

21-17| 627-3 
20-90) 633-2 
21-44| 629.7 
22-72) 629-6} 90-8 
20-64| 631-8) 74-4 
28-17] 645-1) 105-6 

72:3 
67-6 
65-3 

30-39] 618-0} 85-7 
20-29] 630-2) 71-0 
22-51] 633-6) 62-3 
25-35] 631-3] 107-4 
23-46] 635-5} 78-2 
22-25] 634-2) 68-3 

24-89 2) 78:7 
28-85 0} 72-1 
26-44 87-4 
21-58 63-0 
23-27 69-5 
21:99 65-4 

22-72 
24-69 
21-92 
22-45 
28-72 
22-05 

04-0 
68:5 
65-7 
62-3 
81-2 
63-0 

22.45) 631-6} 60-4 
24-27/| 634-8) 66-1 
19-62| 632-1] 128-7 
21-58] 626-4) 65-8 
27-84| 625-6) 72-7 
19-97| 619-6} 67:7 

99-3 
59-3 
53-7 
52:4 
71-2 
61-7 

20-84) 631-2 
21-72) 631-2 
21-78) 637-1 
21-99) 638-5 
21-44) 629-3 
23-80] 633-7 

35-78] 632-3) 112-2 
21-78] 624-3} 64-5 
22.92) 633-4) 64:8 

624-9} 95-0 
626-5} 69-3 
628-3} 58-5 

627-6) 94-6 
15-05} 636-2) 126-3 
21-32) 633-2) 60-1 
24-54) 630-8) 70-6 
22-66] 635-8) 58-3 

74-4) 

22-78] 633-2) 73-4 

Temperature of Bifilar and 
Balance. 

ll a.M.| 2 P.M. | 5 P.M. 

46-3 

43-1 



DaILy OBSERVATIONS OF MAGNETOMETERS DURING MarcH AND APRIL, 1853. 33 

ae ee peices reo Baa bop: Temperature of Bifilar and 
= Balance. 

Decin| Bifil. | Balce.|] jogjn,| Bifil. | Balce.|| pegin,| Bifil. | Balce. || pegin | Bifil. | Balce. 
Civil Day. ° Cor- | Cor- ° Cor- | Cor- ° Cor- | Cor- ° Cor- | Cor- ||} 8 a.m. |1la.m.| 2 p.m. | 5 P.M. 

24° + rected, |rected. 24° + rected.| rected. 2¢ + rected. |rected. aa + rected.|rected. 

sc. div. |mic, div sc. div. |mic. div v se. diy. |mic. div Y. Sc. div. |mic. div S ¢ jo Y 

19-97] 631-5} 53-8] 22-31] 626-5} 52-8]| 25-62] 641-8) 61-5) 20-37| 628-8) 65-5] 34-5 | 35-1 | 37-2 | 39-7 
18-68] 631-8} 48-1]| 25-42/ 622-4) 45-6]) 24-27| 635-5) 49-5|| 21-44] 633-8] 59-0] 37-6 | 37-3 | 37-7 | 38-6 
19-15] 630-0) 46-6)| 26-29) 621-3) 43-2] 28-17| 628-1] 61-7|| 20-09/ 630-7| 69-1) 36-0 | 35-9 | 37-0 | 39-0 

Mar. 1 
2 

3 

4 || 19-76) 627-5| 51-2|| 25-68| 630-6] 39.9|| 29-45] 624-2) 61-5|| 20-64) 630-4] 64.2] 34-8 34-1 35-9 39-8 

5 

a 
8 

18-47| 631-4) 47-4|| 22-45] 620-2) 47-5) 23-54) 612-1) 57-8] 19-36) 626-9} 59.4) 39-4 | 39-5 | 40-9 | 42-7 

18-15] 627-5) 48-9] 20-43/ 625-6} 41-0] 23-74) 627-1] 44-8] 26-75] 649-3} 62-0) 41-4 | 40-8 | 42.8 | 46-4 
20-17) 612-7} 50-3}| 27-50) 592-6] 52-0|| 28-78] 619-6) 87-3] 26-83) 646-4] 145.3)/ 41-8 | 40-9 | 41-0 | 43-7 

9 || 18-74) 612-6) 39-0)| 24-48) 610-9) 51-9) 21-52) 623-7) 91-6|| 22-39) 634-0) 121-7] 43-0 | 42-3 | 42.9 | 43.3 
10 || 26-35) 610-2) 23-1]| 22-92) 611.6) 38-5|| 21-78] 634-5| 55-2) 13-65) 642-5) 90-5) 44-5 | 45-2 | 46-7 | 48-9 
11 || 20-49) 615-0) 55-3)| 22-31) 599-9) 57-0] 29-25] 644-6) 78-6|| 21-32) 652-8) 123-7) 43-9 | 43-2 | 44.4 | 46-6 
12 || 20-49] 597-0) 46-9)| 30-59] 601-9) 61-0) 25-82) 621-5) 73-1]) 21-38) 633-8] 107-5)/ 42-1 | 41-4 | 41-6 | 42-6 

14 || 20-23] 622-0) 53-4) 28-11}613-8] 52-3] 26-64) 623-8) 47-8] 28-11] 630-4) 56-0) 40-8 | 40-8 | 41-0 | 41-3 
15 || 16-46] 630-8) 43-0|| 18-68) 615-7| 50-9]| 29-80| 630-7} 51-5|| 24-33] 629-0} 70-4|| 39-5 | 39-1 | 39.0 | 39-2 
16 || 18-41) 629-8) 59-3)| 19-42) 618-4) 48-9]] ---ee | sess | eee eee 22-92| 633-9} 62-4) 38-2 | 38-1 | «--+-- 38-4 
17 || 17-88) 634-4} 53-9)| 19-23] 624-0) 47-0] 27-43] 635-9} 46-8] 28-11} 658-7} 61-7|| 34-7 | 34-8 | 35.3 | 36-5 
18 || 17-74| 624-0) 53-5|| 18-62) 609-2] 48-6] 30-80} 619-3) 71-6] 20-84] 633-5} 78-7|) 32-7 | 32-3 | 33-2 | 35.4 
19 || 18-27) 624-9} 59-2) 18-88) 614-1] 54-6]) 25-82) 622-3) 45-8) 22-31) 633-0} 44-3) 31-3 | 31-2 | 32-7 | 35-6 

21 || 15-67| 620-4] 57-6|| 17-68] 611-2] 46-6|| 27-78] 619-7| 44-6|| 21-92|634-4| 48-6] 35-7 | 35-9 | 37-9 | 39-6 
22 || 15-67] 628-6] 55-0]! 18-62] 616-3] 43-2|| 24-75] 623-2] 46-7|| 22-19] 634-2) 46-6] 35-2 | 35-0 | 36-4 | 37-9 
23 || 15-32) 628-3) 53-3] 19-09] 616-6} 42-2) 26-75] 628-2) 41-8] 21-78} 630-4) 57-3) 34-8 | 34-7 | 36-7 | 40-7 
24 || 14-99) 631-7| 42-7] 20-49] 620.3) 37-4] 28-17] 619-7] 46-6] 24.42) 638-1) 77-9] 33-9 | 33-5 | 35-7 | 38-1 
25 || 15-38] 625-3] 40-1] 19-82) 616-4) 41-4) 28-05) 632-8) 41-5] 25-08] 571-8} 70-2) 32-3 | 32-2 | 34-1 | 38.0 
26 || 15-94) 619-8} 52-0) 21-38) 615-8) 41-0]] «=+-+- | ceeeee | eee eee 28-78] 631-0) 92-5]| 34.2 | 34-2 | ...... 40-9 

28 || 15-38] 628-6) 60-5|| 23-13) 595-7) 55-0] 27-03] 624-0) 60-8] 22-72) 619-6] 89-5] 42-4 | 42-1 | 44.6 | 44.6 
29 || 16-40] 627-0) 45-9] 18-21| 614-0) 55-7|| 25-76] 628-5] 62-9] 23-66] 627-4] 57-9] 42-0 | 41-4] 43-9 | 47-5 | 
30 || 16-14/ 627-3) 53-9) 21-58) 615-0) 53-1]| 31-48] 606-4] 61-8) 22-72) 638-5) 59-7] 41-4 | 40-8 | 42-3 | 45-5 
31 || 16-54] 627-3) 50-5]! 20-17) 616-2| 44-5] 29-33] 615-7] 55-9] 31-61] 637-4] 106-1] 39-5 | 38-6 | 39-6 | 42-6 

April 1 | 19-56) 624-5] 59-9|| 24-33] 602-7| 45-6|| 27-70] 629-2) 44.4|| 29.51|631-7| 66-2]| 43-0 | 44-7 | 45-2 | 45.2 
2 || 20-96] 623-7} 32-6) 21-38] 611-9] 36-6] 25-22) 622-9} 41-3] 19-76] 634.2) 53-5)/ 43-5 | 44-2 | 45.4 | 46-8 

4 || 19-42) 631-7) 49-8] 23-40) 613.7] 52-3|| 27-84| 622-1] 44-8] 24-01] 638-0) 44-3]) 46-1 | 46-3 | 48-7 | 50-1 
5 || 16-26) 631-8) 48-9|) 21-38) 626-8) 34-1] 34-37] 607-9] 32-1]) 25-15] 634-7} 57-8)) 46-8 | 47-3 | 49-0 | 50-8 
6 || 20-23] 619-7) 37-6|| 24-07] 608-4] 49-7|| 33-89] 644-7] 117-3]| 25-82] 639-0) 108-4), 50-1 | 50-8 | 52-5 | 54:3 
7 || 20-03) 576-6]  4°4|) 28-51/ 576-6] 51-1|| 28-58] 629-3] 64-5|| 24-62) 635-5) 67-8] 48-9 | 48-7 | 49.4 | 50-9 
8 
9 

13-04] 622-8) 50-2) 19-97) 601-1) 46-6] 29-72) 642-4) 68-5]| 26-03] 655-7| 111-6] 45-6 | 44-7 | 45-0 | 46-0 
16-26] 612-3) 35-4) 20-29) 606-3] 36-4] 31-00] 636-0] 52-5)| 25-35] 637-5] 107-2), 40-0 | 39-9 | 41-8 | 44-6 

11 || 20-29) 618-2) 23-6} 21-32) 595-8] 51-2) 29-18) 612-6} 51-8) 26-16] 656-7| 111-0] 49-1 | 49-6 | 51-8 | 54-1 
12 || 12-22) 615-0} 18-9|| 21-05) 608-0] 32-4] 29-65) 614-2) 44-3] 25-08) 629-3) 79-1]| 47-1 | 46-7 | 47-3 | 47-6 
13 || 13-92] 624-5} 52-7|| 17-60) 611-1] 47-7|| 29-18] 624-2) 50-6] 24-81} 649-8) 61-7] 42-8 | 42.8 | 44-1 | 45-6 
14 || 12-10) 627-6) 52-2)| 14-99) 609-7| 47-0] 24-21) 617-5) 46-9) 22-72) 639-7) 64-6] 43-9 | 44.4 | 45-5 | 46-6 
15 || 12-77| 630-3} 65-6|| 15-67) 614-8) 44-0] 24-21) 618-3} 30-1]/ 22-11) 637-1) 44-4] 44.9 | 45.5 | 46-5 | 47-4 
16 || 13-65) 636-4} 47-6] 16-54| 620-7} 23-7|| 25-22) 624-3) 48-5] 21-64] 640-5} 48-3)) 46-7 | 47-3 | 49-1 | 51-2 

18 || 12-69) 633-1) 41-9] 19-09| 613-2) 44-7] 28-05) 624-5) 42-9] 21-11) 646-4) 52-1]) 49-8 | 50-6 | 53-9 | 57-0 
19 || 19-62) 626-6} 47-5] 18-01|}615-8} 56-9] 27-31] 625-8) 42-4) 24-89] 642-3} 43-7], 53-4 | 52-9 | 52-9 | 52-9 
20 || 10-75| 626-0} 64-4] 19-30) 615-3) 32-1]! 31-34) 622-7] 39-2|| 23-66} 641-8) 59-8) 47-1 | 46-7 | 48-1 | 50-7 
21 || 12-42) 630-9) 43-2) 19-70) 610-7] 32-4|| 30-80) 620-6) 39-6) 25-22) 641-9] 45.8)| 46-1 | 45.9 | 47-3 | 49.2 
22 || 14-65] 625-7) 49-2|| 20-64| 615-0} '37-8|| 29-25] 653-3] 22-5]! 22-59] 636-8) 58-3]| 43-4 | 43-7 | 45-2 | 47.3 
23 || 21-58) 635-1} 6-4|| 27-23) 606-1} 45-7|) 29-12) 622-4) 60-2|| 22-51) 638-4) 68-2) 42-8 | 44.2 | 46-2] 47-5 

25 || 15-11} 626-1) 37-9] 19-09) 608-9] 54-0|| 25-08] 625-5) 29-1|| 21-72) 636-7} 52-3) 41-0 | 41-2 | 41-9 | 42.5 
26 || 14-65) 632-2) 44-2) 18-47) 612-5) 46-4|| 25-55| 626-0| 37-2|| 22-72) 646-0} 47-8] 39-8 | 40-2 | 42-1 | 43-8 
27 || 15-19) 633-2) 59-0]| 18-15) 613-9] 34-0] 25-01] 627-5] 31-4|) 22-19] 643-3) 47-2) 40-9 | 41-6 | 43-9 | 45.8 
28 || 15-05| 639-7} 53-3]| 16-00) 621-8] 58-2|| 24.48] 627-4) 39-4|| 23-19] 643-2) 49-8] 42-7 | 43-7 | 46-6 | 49-1 
29 || 18-15) 634-1] 44-6] 16-34) 620-4] 40-3|| 23-86] 630-4] 39-2) 22-59] 651-7} 40-9]| 44-7 | 44-9 | 47-0 | 50.0 
30 || 16-40) 625-6} 50-7} 20-29) 608-8] 40-7|| 23-66] 636-8} 47-9]| 20-37] 653-6] 50-1]/ 45-8 | 45-5 | 46-1 | 47.5 



34 

Gottingen 
Mean 

Time. 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING MAY AND JUNE, 1853. 

8 A.M. 

Civil Day. 
Balce. 

Cor- 

rected. 

| Bifil. 
Cor- 

rected. 

iv. |mic. div 

32-5 

eercce | seevee | roeeee 

13-71) 619-4 
10-67| 618-0 
18-35] 627-4 

9-88] 617-8) 47-0 
eoeree | ceeeee | tee eee 

eecvce | ceeeee | ceeves 

23-0 
22-4 

14-79) 611-5) 38-6 
13-77] 618-4) 50-4 

11 A.M. 

| Bifil. | Balce. 

Cor- | Cor- 

rected.) rected. 

& s¢, div. |mic. div 

623-3} 31-2 

604-1 

603-0) 45-1 

592-3) 54-3 

610-9} 49-1 

614.8] 55-4 
612-4) 39-1 
618-4| 36-4 
615-2) 37-3 
643.6] 26.6 
618-4] 37-3 

622-0) 30-7 
622-7) 30-9 
618-3) 33-4 
627-9} 28-5 
626-4| 33-4 
614-2) 44-9 

620-2) 22-0 

607-7) 52-0 
612-8) 54-0 
618-1) 41-3 

616-8 
615-8 
623:°3 
617-3 

16-61] 614-5 
17-60) 617-7 

15-94] 624-1) 42-9 
20-64) 613-7| 17-2 
23-27| 616-4) 35-9 
28-17| 612-4} 45-5 
22-78] 618-7) 47-2 
18-35) 614-0) 49-8 

620-5) 41-3 
583-3) 35-7 
622-0} 52-0 
607-3) 46-8 
617-5) 41-3 
623-1) 48-5 

28-45 
28-51 
21-25 
20-90 
19-15 
18-15 

611-3) 37-8 
606-3) 30-6 

ecceee | coeeee eees 

609-9} 38-4 
610-5) 46-9 
620-9) 27-5 

610-5) 31-9 
600-0} 39-6 
614-5) 43-6 
619-4) 47-6 

24° 4. 

32-2) ¢ 

2 P.M. 

Bifil. | Balce. 

Cor- | Cor- 
rected.|rected. 

Decln. 

. |mic. div 

39-0 

34-4 
680-1) 115-7 

3} 620-9) 54-4 
639-0) 57-1 

633-3 
632-6 
616-0 

}] 641-5 
3| 629-8 

623-2 

39-5 
24.7 
34:8 
29-0 
57-0 
46:3 

38-7 
67-4 
72-0 
27-3 
37°8 
41-4 

641-9} 27-5 
622-2) 132-9 

enecce | cocvee | sereee 

27-50] 631-2 
23-80} 624-6 
24-42) 628-1 
21-99) 629-6 

Decln. 

24° 4 

weeeee 

@eroce 

2| 647-6 

5 P.M. 

Bifil. | Balce. 

Cor- | Cor- 
rected.jrected. 

se. div. |mic. div 

652-6} 47-6 
642-2) 133-9 
642-2) 85:4 

680-1} 110-2 
649-6) 58-1 
622-0} 74-6 

661-1) 79-4 
686-6) 57-3 
653-7} 103-0 
senees | coven 

67-6 
673-3] 123-1 
643-6) 67-7 
632-0) 51-9 
639-7| 55-2 
637-9} 40-4 

Temperature of Bifilar and 
Balance. 

8 a.M. | 11 a.m. 

eersee 

2 P.M. 

seenee 

5 P.M. 

eeccee 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING JULY AND AuGustT, 1853. 35 

ie 3AM: 11 AM. 2PM 5 P.M. Temperature of Bifilar and 
Ti Balance. 
ime. 

Decln,| Bifil. | Balee. |) Hecjn,| Bifil. | Balce. |! Hecin,| Bifil. | Balce. || Hegin| Bifil. | Balce. 
Civil Day. o, | Cor- | Cor- ‘| Cor- | Cor- ° Cor- | Cor- o, | Cor- | Cor- || 8 a.m. |114a.m.|2 p.m. | 5 p.m 

Y || 24 i rected.| rected. 24° + rected.|rected. 24+ rected.| rected. 24+ rected.jrected. 

a O se. diy. |mic. div 2 se. div. ies diy ¢ sc. aie! mic. aiv “4 se, div. |mic. div © & O ce 

July 1 || 13-10) 624-7| 41-5]| 18-82} 609-7] 39-4]| «eoces | seeeee | eeeeee 30-33] 655-3] 50-4]] 58-0 58-7 | ceeeee 61-0 

2 || 11-63) 620-4) 37-0) 18-55] 607-5) 45-3)| 26:56] 642-3] 37-1|| 25-22! 668-3] 63-3]) 58-0 58-1 58-5 59-4 

4 || 14-38] 621-9) 54-2|| 21-05) 617-5| 44-9) 24-33] 630-2) 43-0] 29-05] 641-9] 50-0] 61-1 61-5 62-4 63-1 
NBO? SON GS 1.3) 43: 2l| wectine |Necelene [tes vecte Bho Godt | Ata col aseoetl | Cao eee] eceer pel RePe acs GOS eal et Bes Speieee 

6 || 12-63] 621-8} 26-2!) 18-94) 621-3) 22-1) 26-83] 636-4) 28-9) 23-34] 642-8] 36-0]] 59-8 60-6 62-0 63-2 

7 || 11-90} 630-0} 40-9] 18-55] 624-5} 27-5|| 24.48) 641-6] 29.9]| 22-92) 651-6] 36-0|| 60-1 61-3 63-0 64-4 

8 || 11-96) 628-9} 35-8] 18-74) 629-7) 31-7]) 28-58) 633-0} 34-6|| 29-85) 642-6] 64-2) 59.5 60-1 62:0 65:5 

9 || 17-80) 634-7} 26-2) 16-81) 617-3) 27-3|| 27-38) 632-2) 27-6) 21-44) 648-1] 33-9]! 61-6 62:0 | 63-1 63:8 

11 || 11-96] 624-6] 41-1] 23-07) 612-7| 39-4|| 29-60] 634-9] 38-0|| 29-25} 653-9} 53-7|| 60-7 62-0 63-2 | 64.2 

12 || 22.78) 616-7] 34-5) 23-94/ 616-0] 39-2|| 33-36) 657-4) 53-6]! 27-S4| 679-6] 87-7|| 60-7 61-5 63-4 | 64-8 

13 || 14-99] 581-6] 48-1] 18-35) 597-6] 69-8) 25-89) 623-7| 59-8] 20-43) 641-4) 72-1]! 60-0 60-4 | 62-7 64-8 

14 || 14.85) 623-0} 57-2) 20-76} 603-0] 53-1]! 26-83|} 617-9] 49-3] 19-62) 634-9) 66-2/| 61-6 60-8 | 60-0 60-0 
Ts) |neeeeee Bae AS IPsetise || lgaicleleicies dibsteierore eu late eaters 29-80] 637-3] 33-6] 20-03] 655-0] 99-1|| ee... | seeeee 57.2 | 57-9 

16 || 10-40) 619-9} 49-0) 19-15] 616-2) 37-3]| 24-95] 623-4) 40-5|| 20-37| 644-9} 60-9]| 57-3 58-0 59-1 60-1 

18 || 25-55] 612-8] 45-1]] 20-64] 629-3) 30-2) 28-58] 619-0) 37-7|| 21-38] 635-0} 44-9|| 57-7 59-5 60-7 62-0 

19 || 13-18] 624-7| 48-3] 18-35] 619-8] 41-7] 22-72) 628-1) 42-4|| 18-47] 637-7| 41-9|| 59-7 59-5 60-5 62-8 

20 || 15-26) 622-3) 42-5] 20-49] 613-9} 40-3) 25-29) 629-7} 36-9]| 27-31) 636-3] 54-3] 60-1 60-5 62-8 63-8 
DAV |WNe-cese sdeos || tes0eo|||"Padeee |} feccac || sanae bar || ocd’sao |! ecade Fal letctstecoo| its eiseetoullttceee os sodas Ni osascd II! Soaduo ll Beqoce 

DOME ie ceos. BR adele cet Se noo loradna.|) toanes |Ihoce dad |oococia ptevararetl | |(eatetetars g0 |conacoil|!  cedoeo costa. |! oaodes |! neoane 

23 || 13-45) 617-8] 43-4] 23-86) 616-7] 29-3] 30-94] 643-6] 28-9]] --... o | coeee o | eee 58-5 59-1 61-2 | -eoe-- 

<5 See Ses scatsnedllisos Reed eae laansoellll saecerdltescecadl suse OEAG)| PSE GHG) “Sonodel If crocs ooodee 62.8 

96 || 16-40] 623-3} 50-6|| 16-40] 619-0} 40-4]| 29-18) 622.0} 34-2|| 20-96] 642-8) 52-3] 60-0 60-3 61-2 | 62-4 

97 || 22-78) 611-9] 41-6) 20-17) 606-8) 39-7|| 20-29] 617-4) 36-5|| 22-92) 647-1] 50-2) 58-2 58-8 59-7 60-5 

28 || 21-05) 619-0} 32-9|| 18-62) 613-7} 32-1] 23-46) 620-8} 49-3) 22-19) 641-8} 49-1] 57-6 59-2 | 60-8 | 62-1 

99 || 15-94) 621-6) 34-1]| 17-88) 619-6) 32-3] 25-01) 643-3] 37-5|| 23-13] 646-4) 54-0] 59-2 59-4 59-3 60-2 

26-16) 642-6 
22-92) 642-1 

650.3} 41-3 
650-6} 48-9 
656-4) 41-6 
639-4| 47-1 

635-9] 61-0 
648-3} 59-4 
641-3} 50:3 
635-2) 51-7 

8-07| 664-6) 56-4 
16-87] 635-5} 58-5 

18-27| 643-5] 39-3 
15-79] 638-5} 51-3 
18-55] 645-9} 29-5 



36 DAILY OBSERVATIONS OF MAGNETOMETERS DURING SEPTEMBER AND OCTOBER, 1853. 

Gottingen 
Mean 
Time. 

Civil Day. 

Sept. 

Oct. 

Decln. 

24° +. 

9: 61 
38-47 
17-95 

eovcce 

640-1 

8 A.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.|rected. 

mic. div 

39-5 

—74.2 
—56:8 

sc. div. 

624-0 
617-3 
546-4 

611-5] 38-3 
625-4} 40-9 
614-5} 42-7 
625-4) 43-6 

625- 1} 41-5 

627-0) 26-5 
625-9} 38-5 
627-3) 11-8 
632-3) 22-6 
623.1} 36-0 
632-9} 33-0 

621-5} 22-9 
628-5) 30-7 
617-3] 36-0 
623-2) 32-5 
630-2} 31-0 
632-0) 34-7 

629-7} 22-5 
633-6} 33-2 

| 594-6) 74-0 
620-7| 22-7 
632-4| 31-8 
623-0] 23-1 

632-5) 29-8 
634-1} 33-6 
632-2| 27-3 
638-2) 27-2 
638-8] 25-7 
638-6} 24-4 

637-8} 20-1 
630-3) 35-7 
643-5} 41-2 

| 643-4) 22-6 
644-0} 31-6 
626-9) 35-5 

625-8 24-0 
631-9} 22-6 
627-5} 28-3 
627-3} 22-2)| 2 
637-7 33-0 

27-1 
634-9} 23-5 
628-1] 35-1 
639-6] 27-4 

14-59) 639-4) 34-4 
13-65] 638-6) 23-9 

13-98] 641-6] 20-0 

11 A.M. 

Decln. 

24° 4 

19-70 
23-80 
21-99 

20-03 
21-05 
17-54 
17-68 
16-67 
19-42 

22-31 
20:37 
18-94 
21-84 
20-76 
17-40 

17-95 
21-38 
21:78 
15-46 
17-95 
16-61 

22-66 
16-06 
30:00 
16-54 

16-87 

Bifil. | Balce. 
Cor- 

616-1 
599-2 
612-5 

615-1 
605-1 
619-2 
609-5 
606-5 
618-1 

622-0 
619.1 
619-5 
623-9 
621-5 
625-1 

612-5 
614-6 
617:3 
616.0 
619-9 
621-9 

605-8 
619-4 
585-7 
617-4 
621-8 

ewes 

638-9) 

Cor- 
rected.|rected. 

se. div. |mic. div 

24:9 
57:8 
94-7 

35-1 
29-6 

2 P.M, 

Decln. 

24° + Cor- 

15-32) 617-1 

22-98) 638-1 
41-10} 606-3 

27-84] 620-8 

|| 21-92 

24-89) 630-8 
21-32) 635-4 

634.9 
633-7 
634-1 
646-4 
647-3 
635-0 

22-51 

22-92 
23-40 
24-13 
26-16 

624-4 
640-3 
628-5 
628-8 
638-6 
635-5 

21-25 
24-54 
23-34 
22-72 
25-76 
21-92 

637-9 
}] 619-6 

ereeee | ceeeee 

Bifil. | Balce. 

rected.|rected. 

sc. div. |mic. div 

95. 29) 636-8} 31-1 

26-96) 649-0) 98-4 

25-49) 658-6} 

Cor- 

5:6 

49-0 
29.5 

639-4 en 5 

33-8 
36-5 

30:2 
23-6 

20-9 

5 P.M. 

| Bifil. 
Cor- 

rected. 

sc. div. 

Balce. 
Cor- 

rected. 

Temperature of Bifilar and — 

8 AM. 

Balance. 

llam.| 2P.M. | 5 P.M. 



DaILy OBSERVATIONS OF MAGNETOMETERS DURING NOVEMBER AND DECEMBER, 1853. 

Gottingen 
Mean 
Time. 

Civil Day. 

Nov. 

om co be 

8 A.M. 

Bifil. 
Cor- 

rected. 

Decln. 

24° + 

Ly s¢. div. 

14-18) 623-6 

17-01} 629-1 

13-71] 631-2 

14-52) 637-4 

14-32} 637-2 

18-68] 645-7 
16-73] 646-7 
14-65} 637-9 
21-64| 613-7 
14-99] 635-1 
13-31] 635-8 

635-8 
643-3 
623-8 
630-8 
644-7 

) 651-1 

644-0 
645-6 
637-5 
646-7 
643-9 
634-5 

643-8 
643-0 

2| 645-1 
642-6 
658-3 
644-4 

650-6 
644-9 
621-0 
631-2 
630-6 
633-5 

644.0 
2) 642-3 

638-2 
644-7 
647-5 
639-6 

641-1 
646-0 
653-1 
635-6 
641-6 
640-0 

643-7 
642-6 
645-1 
646-6 
649-8 
635-9 

Balce. 
Cor- 

rected. 

mic. div 

38-7 

1-5 
16-9 
45-2 
29:5 
21-6 
9-4 

9:8 
13-6 
9-5 

10:3 
6-4 

— 2-1 

20:8 
9-3 
1-8 

16-6 
11-2 
11-6 

8-1 
10-5 
8-4 

—74 
1-3 

13-7 

11 a.m. 

Bifil. | Balce. 

Cor- | Cor- 
rected.|rected. 

se. div.|mic. div 

616-1) 36-1 

623-6) 29-0 

624-9} 28-1 

623-7 

625-4 

617-7 
634.9 
631-3 
628-1 
623-4 
628.5 

637-8 
643-9 
630-6 
624.0 Se 

~I 

635-7 
634-7 

638-8 
635-2 
630-4 
635-5 
618-6 
636-4 

— SI — 

oe vo 

640-5 
639-4 
637-8 
639-7 
637-6 
631-0 

659-8) 1 
642-5 
627.2 
628-1 
632-8 
637-5 

639-5 
641-7 
632-8 
631-7 
627-3 
623-2 

638-0 
633-5 
638-0 
628-2 
643-1 
638-4 

641-2 
641-8 
649-6 
641-5 
647-4 
640-7} — 1- 

* Out of field. 

37 

2pm 5 PM Temperature of Bifilar and 
Balance. 

Decln.| Bifil. | Balce. Decin,| Bifil. | Balce. 
24° 4 Cor- | Cor- 24° 4 Cor- | Cor- ||8 a.m. | 11 A.mM.| 2 p.m. | 5 P.M 

rected.|rected. rected.|rected. 

u se. div.|mic. div 4 se. diy. |mic. div c ¢ e I 

20-17| 628-0) 50-3) 17-34) 629-0) 59-5|| 51-4 51-6 53-7 54-3 

20-03] 632-5) 33-1) 16-61] 631-4) 34-2|) 50-8 50-9 52:3 2.2 

18-62] 633-3} 29-0)! 16-54) 637-8) 36-0]| 47-0 45-7 47-1 49-3 

22-39] 625-3] 39-4) 18-47/ 640-8} 42-0) 47-4 | 47.7 50-1 53-1 

19-30} 633-6) 33-0) 15-94) 639-7} 29-9] 47-6 47-6 48-1 48-1 

21-11] 629-9} 30-0) 17-01) 639-2) 30-2) 48-3 48-5 50-1 51-6 

24-54) 656-8] 21-9] 24-01] 639-1} 35-9|| 48-4 48.8 49-6 49-7 

28-37| 633-9] 38-1] 17-28) 613-5) 99-1]| 43-2 43.2 45:3 46-6 
Staley piwietl linaiata) aisieit/iis!stainielett || itutatatstetanl|ttajetstals’eiilliialetsioie)e 44.9 45.3 peccee disieiataial 

19-76] 631-4] 33-8|| 18-01] 642.4! 34-3) 47-1 46-7 47-8 48-6 

20-76) 638-1] 34-5|| 15-52| 640-9] 35-0] 41-0 40-2 42.4 44-6 

17-01] 643-2] 32-7) 15-67| 643-2] 22.2) 36-6 37-2 39-1 41-0 
19-09] 648-4] 20-1) 15-67) 656-7) 25-4)| 38-2 38-5 40:8 42-6 

21-17) 640-9) 35-6) 17-60) 642-3) 37-7|| 37-9 37-6 38:0 38-8 

19-30} 626-4) 37-9) 16-06) 639.6) 36-9] 37-0 36-0 37-2 40-0 

19-36) 639-7) 28-0] 19-09] 635-3) 49-4]! 35-0 36-0 37-8 40-5 

19-76] 638-7} 28-0] 17-13] 643-8} 40-2] 43-0 44-3 45-1 46:6 

eocvce | ccvces | @ ceace 15:46] 638-4 37-7 40:6 39-2 eercee 41-7 

20-84) 639-5) 27-5) 18-47| 642-3} 33-3] 37-1 36-7 38-2 40-9 

19-42) 630-7| 21-6)| 19-56) 641-1) 31-6] 35-5 34-7 35-2 36-3 

20-37| 634-9) 29-8) 17-13) 644.5| 24-4] 34.7 35:1 35:5 36-1 

20-37) 643-9) 19-5)| 16-61) 647-7 3-7|| 36-1 35:8 36-5 37-3 

18-68] 642-7 9-2)| 15-58] 648-7) 13-9]| 37-9 37-0 37-6 39-4 

20-43] 646-8] 16-0] 16-14) 642-6) 23-0) 37-3 | 37-9 | 39-8 | 492.2 
Sno cod Aocsac |) osdeao 17-13 645-2 94.3 39-6 41-3 peccce 43.9 

17-01| 644-0} 25-5] 16-34) 640-4| 19-2] 44.3 43-6 45-3 46-7 

19-76] 646-7 9-6|| 17-28] 647-6} 16-9) 39-2 | 38-8 41-7 44-6 

21-58] 632-3} 13-4) 16-34] 642.2 9-8] 44-0 43-7 43-3 43-1 
cc sevcee | eereee || 19-23) 636-0] 20-6] 38-2 37-0 Rieleveisia 39.2 

21-11] 631-6] 37-9]| 15:52) 644.0} 41-0]| 39-8 39-5 40-5 41-2 

29-65| 629-8] 78-3] 13-45]. * 320-4|| 36-1 34-7 34-9 37-0 

18-01] 630.6} 47-2|| 20-64) 630-9) 44-3) 35-0 34-7 35-1 35-9 

19-90) 634-3} 30-3]) 17-80) 637-3) 31-8]| 37-8 38:5 39-7 40-1 

19-62] 639-2) 19-7|| 16-81 ‘642.8 21-4|| 33-8 33-3 33-6 35-6 

18-21/ 610-4} 21-1)| 15-87) 643-2) 14-5] 31-1 30-2 31-0 32-8 

18-21] 641-5| 12-6)| 17-40) 641-8 7°5|| 36-1 35:8 35-5 35-0 

33-15] 630-2) 5i-1]| 23-34) 629-5) 61-5] 34-8 31-7 31-5 31-7 

20-03) 637-6} 12-8|| 17-68] 638-9} 18-8] 36-8 38-1 39:3 39-6 

19-42] 635-7} 11-5|| 16-73) 636-0) 22-5]) 39.7 38.2 38-3 38-9 

24-13) 639-9} 25-4) 17-40] 638-6) 26-2)| 37-9 39-0 38-3 38-6 

26-49) 641-0} 27-3|| 16-61) 612-6) 55-2) 37-0 36-7 36-8 37-0 

18-41] 638-4} 19-5) 16-34) 643-9) 20-1] 33.4 32-9 33-7 34-0 

19-03] 640-0} 11-8|| 14:04] 626-0) 38-0) 35-6 36-4 37-2 37-8 

25-01) 636-4] 18-3]| 6-52) 651-6) 78-1|) 39-0 39-0 38-8 38-9 

18-68] 644-2} 16-9|| 14-32) 635-7) 25-2) 37-6 37-7 37-2 38-1 

20-23] 644-8) 17-8|| 17-68] 640-3) 34-9] 37-3 38-4 38-9 39-4 

19-15] 642-4] 15-9) 11-29) 628-1} 39-8] 38-5 37-8 37-7 38-7 

18-27| 644-7} 15-6|| 18-07| 638-2} 17-2|| 37-4 37-2 37-2 37-2 

17-88] 642-6} 13-4|| 15-67| 643-9} 12-1) 31-7 30-9 31-1 31-3 

17-60| 646-6} 13-0] 18-07] 641-8) 19-4) 29-5 3021 | .oleG 33-0 

17-74] 639-4) 13-6|| 19-62} 632-0) 24-3)| 32-7 31-3 31-2 31-7 

16-20] 644-3 5-9) 15-38] 644-4 8-1|| 33-6 33-4 33-3 33-3 

17-01] 638-9] 12-6] 16-40} 639-0] 15-2)| 28.9 28-2 28:3 29-0 



38 Dairy OBSERVATIONS OF MAGNETOMETERS DURING JANUARY AND FEBRUARY, 1854. 

ae ATT. 1] aM. 2 P.M. 5 P.M. Temperature of Bifilar and 

Time. 
. Balance. 

a Decln,| Bifil. | Balce.|| pecin,| Bifil. Bakee.|| Degin,| Bifil. | Balce.|) Hecjy,| Bifil. | Balce. 
Civil Day. 24° 4 Cor- | Cor- 94° 4 Cor- | Cor- 24° + Cor- | Cor- 94° 4. Cor- | Cor- || 8 a.M. | ll am.| 2 P.M. | 5 p.m. 

rected.jrected. rected.| rected. rected.| rected. rected.| rected. 

se. div. |mic. div v se. div.|mic. div]} ” ie se. div. |mic. div iY se. div. |mic. div 2 ° ° 

Jan. 14-99| 647-2)  6-2)| 17-13] 644-7)  0-1|| 25-82) 628-9] 25-8] 26-44! 620-0] 211-3) 22-9 | 21-8 | 23-1 | 25.4 

scence | seeeee --+«es|| 19-36] 626-3] 21-4| 16-40] 633-6) 33-2) 19-62) 624-5| 44-8] -..--- 19-6 | 19-6 | 20-5 
16-00] 637-2} 14-6]] 18-15] 639-0] 14-2] ---+-2 | wecvee | ceeeee |] ee eens | ee eeee | coven 18-6 20-5 dane 

. : 630-1} 14-9] 16-67| 639-4| 9-2) 12-89} 640-2) 22-5] 30-3 | 30-8 | 31-7 | 32-5 
14-24| 642-4) 8-0] 17-60] 639-1} 9-7] 17-80) 646-3) 25-6} 16-00] 645-3} 10-7)) 32-1 | 32-1 | 34-7 | 33-1 
14-65] 642-1] 7-2| 17-281 642-6} 7-0|| 17-74) 647-3) 11-5] 17-95) 644-7} 10-8] 30-5 | 29-3 | 29-3 | 30-9 ND OP W 0D 

eo (2p) bo ie?) (o>) eo oO On — S&S co = © So Ke) 

9 || 14-12}637-5} 4-8) 15-58) 627-1] 14-3] 16-81] 635-1] 12-0)| 19-15} 636-8} 4-3] 36-2 | 36-1 | 36-6 | 36-0 
10 || 13-77] 633-1] 5-4 16-93} 633-1) 20-8] 16-14) 642-2) 18-2) 14-79) 642-7) 11-8] 33-2 | 34-4 | 35-0 | 35-1 
11 || 13-04) 648-0} 3-8} 15-94) 637-5} 15-4) 20-17| 642-7] 20-3) 16-06) 641-0) 14-5] 33-0 | 32-5 | 32-9 | 33-4 
12 || 23-40) 640-8|—17-4)| 18-74] 635-2) — 4-2|| 20-64] 632-3) 10-3) 14-65|643-0| 8-0) 28-3 | 27-4 | 27-6 | 31-5 
13 |] verees | cesses | eee ++ |] 19-15] 635-0) 5-4) 22-59) 640-8] 21-4] 16-00) 639-5} 25-3) --.--- 31-9 | 33-0 | 34-0 
14 || 14-24) 644-9} 3-3] 20-23) 640-9} 8-8)| 16-67/ 635-0) 7-9) 16-26) 638-9) 17-7] 32-7 | 33-1.| 34:5 | 36-3 

16 || 15-11] 648-3) — 5-7] 18-01] 640-5} 8-6) 18-15) 644-2) 10-1) . : 
17 || 22-11] 645-4|—10-1]| 22-39) 633-9] — 1-5|| 20-76] 635-3) 11-7|| 14-99 642-9| 6-1] 36-2 | 36-8 | 39-9 | 42.4 
18 |) 12-69) 651-4) 1-0) 15-73) 634-3] 7-6) 17-68} 628-5} 14-0|| 13-98] 638-0) 27-7]| 45-0 | 45-6 | 46-0'| 46.7 
19 || 13-98] 643-2} 1-4|| 18-94) 627-4) 3-0] 19-42/635-8| 9-0)| 5-49) 628-5) 69-1) 45-4 | 45-6 | 46-4'| 46-9 
20 || 16-81) 643-8} — 0-7|| 21-78] 626-0) 9-5) 18-94] 634-9} 15-3) 15-94) 639-2) 45-4) 43-6 | 43-7 | 44-5 | 44-9 
21 || 15-26) 645-9) 3-8] 17-60} 629-5} 12-2] 19-36) 651-0) 17-1] 16-61} 632-1) 39-7] 42-6 | 42.2 | 42.2 | 42-6 

eZ (0/9) So — D wo Ne) _ — <I —_ ist) — = oo oO lop) ist) — aD oo eo o 

23 || 14-99] 638-1) 10-9] 16-26] 642-9} — 3-7|| 18-68] 645-9} 8-5] 18-68] 647-2) 15-6] 43-9 | 43-2 | 44-1 |] 45.5 
24 || 16-06] 639-5} — 6-8] 17-40) 636-2) 8-5) 21-38) 639-4) 11-9] 16-54) 637-3) 20-9) 46-3 | 46-2 | 45-9 | 46-0 
25 || 14-38) 640-6} 8-2/| 15-58} 638-1] 11-0] 16-93] 644-6) 10-3) 14-59) 645-0} 12-4) 39-8 | 38-9 | 39-2 | 39-6 
26 || 11-90} 651-1] 0-0] 16-34] 644-8} 8-2) 19-15] 647-1) 24-6] 14.38) 644-3) 5-6) 38-3 | 37-9 | 38-2 | 39-7 
27 || 14-04] 643-3|—-17-0]] 15-32] 642-6|—10-7|| 18-68] 645-7) 0-5] 14-99) 645-6) 6-3] 37-9 | 40-5 | 43-0 | 45-0 
Q8 || 14-24) 649-5} 3.4] 14-65} 642-8)  5-3)/ 17-01) 642-8) 10-9) 16-34) 650-3} 4-8) 43-9 | 42-7 | 43-2 | 44-5 

30 || 14-59] 645.2) — 6-9)| 18-62] 619-5) 12-9|| 16-93) 640-9) 26-9|| 19-50) 640-7) 27-6) 43-3 | 44-4 | 45-9 | 47-8 
31 || 15-19] 632.9} 0-7|| 17-68] 632-2} 9-3} 14-85} 614-5) 16-6) 17-34] 641-5) 27-3] 46-4 | 45-7 | 46-2 | 46-8 

Feb. 1 ||. 14-59] 643-7] —0-2|| 14-04] 637-3} 18-9) 18-55) 641-5} 8-1) 15-79| 637-3) 10-8] 45-8 | 44.9 | 44-7 | 44.3 
2 || 14-85) 642-5) 2-7] 15-73) 638-2) 3-9] «-.--- seeres | teeees 14-59) 643-0) 15-0) 38-8 | 38-5 | ------ 43-4 
3 || 13-77| 641-8} 7-2)! 14-99] 633-3) 11-5|| 16-93] 643-0} 12-5|| 15-73] 649-2) 8-9) 39-2 | 38-2 | 40-1 | 42-0 
4 || 14-99] 656-8) — 9-6|| 15-26} 637-0) 5-6|| 21-64] 620-2) 22-6] 16-93) 651-3) 26-3] 37-6 | 36-7 | 37-1 | 38-7 

6 || 14-32/643-0| 3-0] 15-32) 629-2} 14-8] 18-68] 637-7| 4-6) 15-73] 623-8] 19-4) 46-9 | 47-5 | 48-8 | 49.3 
7 || 12-77| 639-1] 11-7|| 16-00] 630-0} 15-5] 19-70] 636-7} 12-1] 16-67|643-0} 5-4) 46-7 | 45.4 | 45-2 | 45.1 
8 || 20-29) 639-7|--17-5]| 13-04| 632-4) 11-7|| 20-09) 634.5] 20-2) 16-34| 640-9) 20-5)| 38-8 | 38-2 | 39-2 | 40-5 
9 || 15-05] 647-2) 11-4|| 15-19] 637-4|—10-0] 18-35] 637-6) 14-5]| 15-79} 643-3} 4-5] 39-3 | 39-5 | 40-8 | 41-1 
0 || 13-45] 647-0) — 1-4|| 29-05] 610-4) 4-4] 23-34) 633-3] 19-4|| 22-72) 633-7] 79-9] 36-6 | 36-4 | 36-7 | 37-2 
1 || 17-28] 626-9} 22-8] 25-08] 608-2} 30-2] 28-45) 630-5} 7-0}) 21-52) 645-8) 115-8] 36-2 | 35-0 | 35-2 | 36.5 

13 || 15-52) 643-6) 6-2] 13-71) 629-5} 17-5|| 24-48] 635-4) 23-8! 19-09] 637-8) 34-1] 38-3 | 37-8 | 39-3 | 41.4 
14 || 13-31] 656-9] 28-6]] 14-65] 640-2]  Q-Q]| --.00. | ceneee | sencee |] eoneee sonten 

15 || 13-51] 638-9} 11-0|| 19-36] 632-4| 17-0] 19-23) 630-3) 46-6)| 9-61) 666-1) 126-2) 43-0 | 41-7 | 41-2 | 40-5 
16 || 16-81) 621-0} 8-5]] 16-54] 625-6) 18-8) 21-92] 648-6] 20-0)| 21-72) 604-7] 61-8] 36-1 | 35-7 | 36:2 | 38.4 
17 || 13-92) 644.2} 13-3] 18-88) 619-7] 29-3) 16-67] 640-5} 11-6] 14-12) 634-2) 53-0) 42-1 | 42-6 | 43-0 | 42-6 
18 || 13-71] 637-8} — 5-9] 13-71] 623-8|—10-8}] 19-03] 634-9) 20-1)| 16-14] 629-8) 26-7|| 34-5 | 34-3 | 35-1 | 36-1 

20 || 14-44] 638.2) 17-9] 16-26] 635-4] 10-8] 17-01] 638-2} 7-6)| 14-99] 643-0] 15-4)) 38-7 | 40-2 | 42-6 | 44-4. 
21 || 12-02) 644-2} — 3-4|| 12-10) 632-9} 8-4). 17-88] 639-9} 10-7|| 16-14| 648-6) 15-3] 38-1 | 37-2 | 38-7 | 40-2 | 
22 || 13-31] 645-4) — 1-8] 14-24] 644-9} — 3-3]| 19-70) 651-6} — 6-1] 16-87| 649-3} 7-1)) 41-9 | 42-6 | 44-1 
23 || 12-77| 645-5} 3-5|| 16-73/ 637-0) 6-2|| 17-74] 642-0) — 4-6]] 14-12) 648-6} — 4-5) 40-8 | 40-6 | 41-7 | 44-0 
24 || 12-22)653-1} 1-1] 14-59) 644-3] — 3-0|| 18-07] 646-5) — 2-6) 23-60] 676-8] 22-8] 42-2 | 42-2 | 43-3 | 44-6 | 
25 || 13-77] 629-6] 18-6] 14-12) 599-0) 24-7|| 20-09 654-8) 35-4) 21-99/ 630-5) 67-7|| 42-6 | 42-3 | 43-1 | 44.2] 

oe oH nN 

27 || 13-65) 633-3/—14-2]| 13-71] 628-7} 11-4|| 19-70) 640-9) 10-8) 19-03) 654-3) 24.2) 45.5 | 46-1 | 46-8 | 47-4] 
28 || 14-24) 636-6} 0-4/| 14-59) 622-0) 11-4] 17-95) 638-6} 4-9] 17-13) 631-9} 28-8) 46-5 | 45.1 | 45-6 46-8 | 



DAILY OBSERVATIONS OF MAGNETOMETERS DURING MARCH AND APRIL, 1854. 39 

cet eae axa, one 6 pat Temperature of Bifilar and 
ted 

Balance. 

Decln.| Bifil. | Balce. || pegy,| Bifil. Balee. || peg] | Bifil. | Balce. || peop} Bifil. | Balce. 
Civil Day. 24° 4 Cor- | Cor- 4° 4. Cor- } Cor- 24° 4 Cor- | Cor- 24° 4. Cor- | Cor- || 8 A.M. | 11 4.M.| 2 P.M, 

rected.|rected. rected,| rected. rected.|rected. rected.|rected. 

u se. div. |mic. div Lf se. div, |mic. div ¢ sc. diy. |mic. diy iy se. diy. |mic. div o S o 

1 || 12-63] 646-4|—-10-9]| 14-52) 627-8) — 2-8] 19-03] 639-1 4-3|| 15-94] 641-0) 14-5] 43-6 | 44-4 | 45-6 

2 || 12-10) 638-1} 12-2/| 13-77/ 634-4] — 2-5|| 19-90} 645-2}  5-8|| 16-26) 646-5} 18-2|) 41-2 | 41-5 | 43-1 

3 || 13-85] 650-0} —7-7|| 14-32) 628-1 5-4|| 20-23} 637-3] 10-7] 21-17) 652-8) 39-6] 43-6 | 44-1 | 46-6 

4 || 15-94) 642-1}—17-3]| 15-11] 633-0} 12-7)! 21-25) 637-0) 17-2) 16-67| 634-4] 32-5]) 42-9 | 41-5°| 43-7 

Mar. 

6 || 18-07| 653-4) — 9-6]/ 13-77|.628-4| 1-8]| 20-49) 639-5) — 1-1] 17-34] 649-5) 12-8] 39-9 | 38-4 | 41-0 
7 || 13-31] 647-4) — 1-1] 16-73} 612-3} 11-0) 19-90) 624-1} 24-3|| 14-12) 648-5} 50.9) 41-9 | 41-7 | 43-5 
8 || 11-63) 641-7) 1-8] 13-77) 634-1)—10-9]] 18-35] 640-3] — 8-6] 15:26) 642-1} 1-4] 46-4 | 47-8 | 50-2 
9 
0 
1 

13-71| 647-2) — 7-2). 13-31] 630-4) 8-4} 21-84) 649-5) 10-8)| 14-18) 639.3) 10-7] 51-2 | 52-0 | 53-7 
11-83] 641-9}  4-0// 13-18) 632-9) 10-3)| 19-30) 639-4) —4-9)| 13-92) 646-3] 18-3] 50-8 | 50-6 | 50-7 
12-57| 647-8} — 0-1|| 14-79] 633-3) 6-4|| 20-43] 636-3] 6-6] 15-79] 647-5) 15-9] 47-9 | 48-7 | 50-2 

13 || 10-28] 638.9} 11-4|/ 13-04) 637-1] 8-9)| 20-37) 642-8) — 3-5) 18-15] 652-2) 15-3] 45.3 | 46-1 | 48-5 
14 || 23-07| 643-5) —9-9|| 17-34) 624.2) 0-0)| 22-45| 647-3) 3-4) 16-67) 645.1] 29-2) 50-0 | 49-8 | 50-2 
15 || 9-27) 641-6} = 1-5)| 12-89) 628-1) 11-9)| 21-05) 641-5) — 1-0) 17-95) 651-8) 15-8] 45-8 | 46-1 | 48-0 
16 || 17-01) 628-3} —9-1|| 15-19} 626-5) 20-3)| 20-03) 612-5} 87-6) 14-18] 644-7) 55-4) 50-1 | 50-2 | 51-0 
17 || 15-79] 629-2}—20-7|| .----- 
18 || 12-30) 643-6} 4-4) 13-71) 633-9] 9-1]| 19-15) 636-6} 11-7|| 15:46] 652-5) 19-5] 45-3 | 45-3 | 46-6 

20 || 12.22) 627-4) 17-4|| 11-02) 630-2) 28-9) 18-74) 635-8) —0-5|| 17-07| 647-0| 5-9] 39-2 | 39-7 | 41-4 
21 || 11-69} 643-5) 2-5]! 15-26] 630-9) 14-9) 19-82| 644-8) — 1-2! 19-70) 644-4} 25-3) 41-1 | 41-4 | 42-7 
22 || 9-00] 642-6) 5-7|| 12-36/ 636-9) 4-6) 17-28) 642-9, 3-7|| 17-74) 644-0) 14-1]/ 40-9 | 40-6 | 45-0 
23 || 10-40] 638-8] 15-8] 14-59] 624.9) — 4-1] 19-76) 629.4) — 3-1] 17-01] 646-6] 13-8] 41-5 | 41-1 | 51-0 
24 || 11-55/ 633-8) 14-3]| 14-52) 633-4) 9-9)) 17-07| 642-4) 3-3] 15-32) 647-1} 6-1|/ 45-8 | 45.4 | 48-5 
25 || 9.27| 636-0} 14-7|| 14-44] 635-7| — 3-0} 23-80] 632-9} 1-0) 22-72) 646-2) 18-1] 44-7 | 45-0 | 46-8 

27 || 11-29] 627-6) +7-3|| 16-34) 628-0) 20-3) 24:54} 650-0} 3-8] 18-15) 648-5) 16-7|| 43-7 | 44-5 | 46-7 
28 || 7-45) 596-0|—76-9]| 20:03] 586-2) 77-3)| 16-34] 689-4) 137-5] 11-16] 693-8) 161-1|| 47-2 | 48-3 | 50-9 
29 || 9-81] 626.4) 18-6] 14-91] 619-8) 21-6] 23.54] 637-8) 25-5] 34-50] 679-1] 93-7] 51-3 | 51-2 | 51-5 
30 || 11-16) 635-8} 12-6) 14-65) 624-6) 19-5|| 22-05) 652-8} 23-5)| 17-40) 639-0} 38-8] 49.6 | 49-6 |. 50-3 | 
31 || 16-73] 650-4| 16-3)| 18-55} 620-5) 9-7|| 21-78) 647-1} 27-8) 12-02) 641-6} 28-5)) 45-3 | 45.3 | 48-5 

April 1 || 10-67| 636-9] 10-6|| 12-42) 625-1} 14-7] 20-17| 635-8] 35-4||.15-11] 645-8] 22-2) 48-2 | 49-0 | 51-7 

3 || 7-87] 627-3) 15-1|| 13-37|632-7| 9-7|| 19-56/ 628-9) 15-0)| 17-07| 639-1] 41-3) 47-2 | 46-9 | 48-5 
4 || 10-20) 636-3) 12-2) 12-69) 627-3) 14-2|| 20-70) 633-5) 3-8] 16-14) 647-9} 15-7)| 46-0 | 46-1 | 47-5 
5 || 9-67) 639-7} 7-3|| 12-02) 628-9) 6-1|| 22-25) 628-7; 12-4) 17-40} 651-0) 18-6] 47-8 | 48-9 | 51-0 
6 || 10-34) 641-8} 7-1|| 14-32) 628-8) 10-1] 21-72) 637-9) —1-1)| 15-73) 644-0} 12-0)) 49-0 | 50-1 | 51-7 

7 
8 

16-54) 632-6] 2-9|| 12-89} 632-4) — 0-7|| 17-68] 636-5] — 1-0|| 14-32] 647-4) 8-5)| 49-5 | 49-2 | 51-4 
11-96] 642-5|—14-4)| 14-79] 621-1} 3-2|| 19-09} 635-9} — 1-6] 15-05] 648-7; 4-2) 50-8 | 50-9 | 52.8 

10 || 8-80) 640-6) — 1-6|| 13-31] 624-7} 7-8) 20-43] 645.4) — 4-6] 14-59] 649-3) 17-2] 46.9 | 47-1 | 51-3 
11 ||—0-89| 584-6} — 9-1|| 26-08) 592-7) 2-0)| 31-14) 677-2/—-14-8]| 22-86] 626-8] 46-8] 47-5 | 47-6 | 49.9 
12 | 8-66) 624-3} 4-1|| 13-04) 613-0) 16-1] 16-14) 629-8} 11-7|| 14-59) 638-2) 6-4) 47-0 | 47-3 | 50-5 
13 || 9-88] 629.4) 8-6|| 14.24) 621-6} 7-3)| 20-23) 640.3] — 2-7|| 16-73) 649-3) 9-8] 44-0 | 44-3 | 48-5 
14 |) 8-19) 639-7] 6-8]| 11-63] 630-7] 7-6) 14-65] 650-5] — 5-5]] 25-35) 672-4) 21-2) 46-7 | 47-2 | 50-6 
15 || 8-54) 629-1} 11-0)| 14-99] 617-5} — 0-3)) 25-79) 642-3) 24-1|| 26-08] 637-4) 107-9) 45-3 | 45-4 | 50-2 

* No Observations from 15th April to 6th September. 



40 DAILY OBSERVATIONS OF MAGNETOMETERS DURING SEPTEMBER AND OcTOBER, 1854. 

Gottingen 
Mean 
Time. 

8 A.M. 11 A.M. 2 PMs 5 P.M. Temperature of Bifilar and 
Balance. 

me Decln,| Bifil. | Balce. || pegjy| Bifil. | Balce. || pecjn,| Bifil. | Balce. || peg.) Bifil. | Balce. 
Civil Day. 24° 4 Cor- | Cor- 24° 4 Cor- | Cor- 94° 4 Cor- | Cor- 24° 4 Cor- | Cor- || 8 a.m. |11 a.m.| 2 p.m. | 5 P.M. 

rected.|rected. rected.|rected. rected.|rected. rected.|rected. 

sc. div. |mic. div|| ¢ sc. div. |mic. div sc. div. |mic.div|} ’ | sc. div. |mic. div 2 $ 2 
Sept. (MAbs. a feo. pbiels's e/a pats «ial fatsiote hema Be i itoke = =} ivemenni|ieeeede shvian Tueceoe decesios || Nab tees bl Mak oees dnacod | Giwaee 

9 seer ee | wees | ee eee se || eoeeee | see eer | coe @ee || tte eee | wearers | ee eeee || Coe eee | seeee . @reeee || eseese | ee eres | seeeee | seeeee 

CP sog07 || cadens | O25 400 |I)"ssoc00 || oronea |lbaac eee || eee ene | rereee | ceeves || eevee | coeee o | ceeeee || seceee | ceeeee | secvee eeeeee 

8) ditorosca || caddec\|fodouos ||| oaouca || uocoos |/deceos ||Paacods Iloussdejhoocoae || pbcccs |looctcc Ipon-cda II) cadaoa Ml Acocs6 | escre5 |) oe aecs 

12 | 5-97|632-9| 30-1) 10-67) 619-5) 34-9] 14-38) 639-8] 19-8]] 13-31] 646-9] 29-8|| 57-5 | 57-9 | 62-7 | 63-6 
13 || 7-66 633-1) 19-4] 11-90) 630-4) 16-9) 14-59 643-8) 13-5] 11-43) 656-6] 20-0) 62-4 | 61-9 | 64.3 | 65-5 

14 | 7-66 636-6] 2-7| 13-65) 628-6 13-3] 15-67| 647-5) 15-4|| 16-67/ 646-3) 15-2) 60-0 | 60-1 | 63-0 | 64-9 
15 || 8-19 645-8) 8-8]| ------ roses | eeeeee 18-07| 646-1) 11-5) 13-25) 655-2) 25-7|| 57-8 | --.--- 61-0 | 63-1 
16 | 7-12) 637-0) 21-8] 12-57 635-2, 15-7) 13-92! 647-3) 20-9|| 9-67| 645-3) 24-8) 59-3 | 61-7 | 66-0 | 67-0 

29 || 6-92 640-1] 15-6]| 10-08] 630-0 22-2) 14-44) 662-8) 10-0), 11-69) 654-1) 18-0)) 51-7 | 51-4 | 55-3 | 59-1 
30 || 7-25) 645-0) 16-6] 13-25) 624-6) 13-0) 13-65 645-7) 9-4|| 10-48) 649-2) 18-7|| 56-1 | 56-5 | 58-3 | 60-1 

Oct. 2 || 6-78) 644-3]  14-1]] ---20+ | coarse | con ees 15-19, 647-3) 13-7|| 10-55) 646-1) 17-1|| 55-7 | ----+. 58-9 | 60-1 
3 || 6-64) 642-2) 12-9] 10-81] 636-4) 12.8] ------ | ese seveee |] 9-94) 651-5) 15-5) 56-1 | 54-9 | ooeeee 55-4 
UG ||| sr arwist= tod a b¥ejaser=) [erased 8-47| G42-1) L4.5]] eoceee | cones | seccee || coccee | aecnee | sevcee || soveee 47-4. | secece | coeeee 

5) i) agocdoulh sas0cen | Boodoa |||. Acdabe || dreqen Sescee || ceccee | cecces | covcve || swscee | caccee | coecee || oe pees) | lenses oo | ceceee 

(oye |) aeo580 |) saponer) mooSae |\| o- ace | wpecce | coccee || cosnee | encece | wovces || seecce | eecece | orcece || vacces Svisie'eies h| l= wstwceh | inlet 

7 ||| soos Gi doadcan| Addcoa (th osogan || dotcoe lsarone.|Isunboo.|| Boose Aifaocd |||(aosadg |;eocaso | parsee WWiepacano lh conecu || Copco: aeee 

Q || eeenee | reece © [Eefelatbie.s ll Begioieis ote aisteleisto || tetaidipe abil Moeis,ojnsell RacercVorstn ill Veale tol |acysisis ailll alerenete tetas et ~(1|| cae bree . eoee | cesece 

10 ||- Ol pomecon|| coda ||) bsppc0 || soucds.|Pssonce.||| pe Bans |ossean | Soocdé | cdasaa |lskcdas Poscead i eessccie | Sod5c «| seeeee eoeeee 

11 5:58) 646-2) 18-4] 6-92) 635-1] 19-8|| 11-63) 636-2) 11-1] 9-61/646.9| 22-0) 54-5 | 54-3 | 55-6 | 56-5 
12 || 5-58) 643-9) 15-3) 9-61) 641-0) 13-3' 12-69 645-5) 10-1] 14-52/ 638-0] 33-8] 46-8 | 46-3 | 50-1 | 53-1 
13 || 10-08) 645.4) — 4-8) 5-64| 637-6] 16-5] 10-34] 639-7] 24-3|| 8-13) 652-2) 29-2) 48-1 | 48-6 | 50-8 | 52-1 
14 || 5-43) 647-6) 25-5] 9-27) 638-2) 27-4) 11-90) 645-1} 21-3|| 8-19) 647-8) 24-9]| 53-0 | 54-2 | 55-4 | 56-6 

16 || 7-99 646-5} 17-6] 10-55) 640-4| 18.3)| 12-02) 650-3) 20-8|| 8-54/ 649-2} 23-6) 46.2 | 46-2 | 47-0 | 47-7 
17 || 6-11) 651-4) 14-4) 11-29] 637-8} 20.3] 13-25) 650-7| 14-8|| 8-27|/ 652-4) 16-7|| 44-3 | 44-0 | 45-5 | 47-0 
18 || 8-19) 632-3) 9-7]| 10-28) 641-9} 12-9) 14-91) 653-5} 14-3] 17-34| 639-3/-15-1]| 44.3 | 43-9 | 43-6 | 43-5 
19 || 7-31| 647-8} 9-0] 10-96) 638-2) 20.2] 13-31] 648-6) 17-5|| 9-88) 651-5) 17-2) 40-6 | 40-6 | 42-0 | 43-1 
20 || 7-19) 648-0) 13-4) 10-20) 640.6] 8.5]| 12-57/ 650-3) 14-2] 8-66/646-5| 22-8) 46-3 | 46.4 | 48-7 | 50-2 



Datty OBSERVATIONS OF MAGNETOMETERS DURING NOVEMBER AND DECEMBER, 1854. 41 

Gottingen 
Mean 

Time. 

Civil Day. 

sees 

eee 

stares 

ee eeee 

Sy 

8 A.M. 

Bifil. 
Cor- 

rected. 

se. diy. 

653-1 

650-8 

Balce. 

Cor- 

sees 

rected. 

mic. div|| 

—0-7 

ea eeee 

ees ee 

sews ee | we weee 

ween 

sence 

ee eeee 

ee aeee 

647-0 
659-4 

— 4.0 
—7:3 
— 8-4 

-1/-10-2 
-9I-11-5 

—9.4 

9) — 4:9 
-9\-11-2 

— 8-6 
27.9 

sees 

11 aM. 

| Bifil. 
Cor- 

rected. 

sc. div. 

655-5 

ses eee 

658-1 

651-1 
651-7 
655:3 
656-0 
652-2 

2) 649-9 

659-1 

651-6 
647-0 
645-1 
644-4 

Balce. 

Cor- 
rected. 

mic, div 

3:3 

wees 

sence 

seers 

sees 

11-8 

Fattliolt 
—8-3 
—8:3 
— 3-0 
Ol 
10-3 

—7:8 

Oe 
— 9:8 
— 2-8 

3:6 

Decln. 

24° + 

Temperature of Bifilar and 

sear ee | we awe 

2.P.M 5 P.M Balasedt 

Bifil. | Balce. Declin,.| Bifil. | Balce. 
Cor- | Cor- 24° + Cor- | Cor- || 8 a.m. |1lla.M.| 2 P.M 

rected.|rected. rected.|rected. 

sc. diy. |mic. diy t se. div. |mic. div Cc) G Ms 

SH ode || ac ee aes |b anne |S A atic (Nee Seen AS.6) | AQa7 We enen te 
GAO)! D5 GI) deaeee Sobek Ilene 52-9 | 53-1 | 54-7 

638-4] 19-4|| 7-39] 645-5] 21-7|| 47-2 | 46-5 | 47-6 
647-9] 17-1] 10-00] 656-0] 16-9] 44-2 | 44-2] 46.4 

654-0 3-4|| 8-80) 643-5} 15-8] 38-4 37-5 37-4 

640-3] 37-6/—5-07| 633-2} 56-6] 36-0 | 35-7 | 35-4 

643-2} 2-6|| 8-80) 645-1 6-8/| 42-6 | 42-0 |. 42-5 

642-1 6-4|| 14.91) 644-5 1-7|| 45:0 | 44-6 | 44-8 

650-6 5-1]| 8-33) 654-4 9-3]| 41-8 41-4 42-0 

653-8] —1-1|| 8-54) 657-3} 4-5) 38-5 | 37-5 | 37-4 

655-8] 0-0)| 9-00)656-6} 5-9) 42-0 | 44.2 | 46-2 

652-7| 2-9]| 9-94) 652-3} 3-9) 41-5 | 40-6 | 40-3 

654-1] — 2-4|| 8-33) 657-9| —0-7|| 35-1 36-6 | 38-5 

660-7} —3-3]| 8-47] 663-3] —6-3]] 39.3 39-1 39-9 

665-8)/—10-8}| 14-91) 663-9} — 4-3]| 41-0 40-7 42-5 

649-7| — 5-2|| 11-08] 647-8} — 0-6] .-.--- 42.7 43-2 

652-1] —6-9|| 7-66] 655-3) — 6-6] 47-3 | 48-3 | 48-2 

658-7|—10-5|| 8-47) 657-2) —8-3]) 42-4 | 41-0 | 40-7 

657-7| —3-9|| 9-53) 658-5) — 2-7] 37-0 | 36-1 36-1 
655-0} —3-1|| 8-94! 656-8} — 2-1] 34-0 | 33-3 |] 33-5 

660-3} 0-3|| 11-35) 655-4] 13-9|)| 37-0 | 37-5 | 38-8 

650-3) — 1-5|| 10-67] 651-2 4-4) 36-8 37-7 39-9 

656-2/—10-8]| 8-94) 658-6] —5-8) 47.7 48-8 49-5 

657-8} — 6-5|| 13-10} 657-1] —3-7] 42-7 | 41-9 | 41-9 

Bo Bean ee Ma DOFIC GN | MAR cfs Mae al ec AD eA jl eeane 
Jace esl ieeaacee Beis Nes te sage recall O7ESy Mh sates |e cee. 

643-4) —2-3|| 9.06] 661-6|-13-5] 35-3 | 34-6 | 35-5 
659-6| — 1-7|| 12-77] 653-5] 3-1) 31-9 | 31-0 | 31-6 
651-6] —7-5|| 11-43] 651-4] 28-1|| 35-1] 36-7 | 39-4 
654-7| 3-0] 9-61|654-4| 1-8] 44.3 | 44.1 | 45-1 

eee 

ee eee 

ee eeee 

tenes 



42 DaAtLy OBSERVATIONS OF MAGNETOMETERS DURING JANUARY AND FEBRUARY, 1855. 

Gottingen 
Mean 8 AM. 11 AM. 2 P.M. 

Time. 

Bifil. | Balce. Bifil. | Balce. 

Civil Day. Sen Cor- | Cor- ee ee Cor- | Cor- 
rected.|rected. rected.|rected. 

U se. div. |mic. div Y ld se. div.|mic. div 

Jan, 1 8-54] 654-7) — 3-6] 9-00 10-55) 655-2) —0-5 

2 || 10-34] 664-7|—12-8]] 10-61 13-31] 655-9) — 1-6 

3 7-87| 655-2) — 5-3) 10-14 11-23] 662-3) — 7-0 

4 7-80] 655-3] —2-6|| 8-66 11-29) 656-2) — 3-0 

5 9-61] 648-8) — 7-3]] 11-55 12-63] 657-0) — 5-4 

6 8-94] 661-5} —8-7]| 9-61 10-67| 655-0} — 6-1 

8 8:94) 656-0} —4.4]) 9-47 11-55} 654-1] — 4-0 

9 7-93| 656-8] —9-7|| 8-74 14-24| 655-1] — 3-4 

10 8-19] 654-6] — 9.3] 9-41 13-98] 655-8] — 5-1 

ili 8-80] 659-3) — 4-2) 8-60 12-30) 654-3) — 3-7 

12 7-99] 658-0|—23-4|| 9-53 14-71} 659-6) — 2-2 

13 8-07] 655-0} — 5-9} 10-00 15-26} 660-5} — 0-3 

15 7-99| 646-9) — 9-0 15-67| 654-9] — 3-7 

16 7-72) 654-2) —4.-5 12-57| 654-0) — 2-3 

17 6-92! 656-4) —4-5 12-89] 663-5 1-1 

18 6-72) 645-5) —7-7 12-77) 655-3 4-8 

19 7-31| 659-4) — 5-6 13-25) 658-5) —4-4 

20 6-72| 659-5| — 9-8 11-90} 659-1} — 5-9 

22 8-27| 650-8|—-16-3 15-26] 654-8 4-6 

23 7-93| 660-6|—16-2 14-44| 657-2) — 2-8 

24 8-07] 662-5) —4-9 11-55) 652-1] —6-3 

25 13-37) 646-4/—14-5]| 10-61) 646-0} — 2.5]| ----0- | eee | ones 

26 8-13) 659-0) —7-7 7-93) 641-2) 5-3 

27 8-19] 658-4) — 8-2 13-25] 639-3 0-6 

29 6-05] 657-7|—-19-6 11-90) 652-1) — 3-0 

30 7-87| 655-6|—-14-4 14-12) 642-2 0-1 

31 || 10-61) 668-3|—22-5 16-93) 650-1] —4-3 

Feb. 1 8-86] 657-3|—13-4|| 8-39] 653-2/—10-3]| ------ sveyeln rate listsietotore 

2 9-61| 667-9|—-18-6 11-35) 656-2) —6-4 

3 7-39) 665-4|—-12-4 11-63] 657-0|—10-8 

5 || 6-92] 652-5] —8.5 9-27| 617-9] —7-7 
6 7-31| 661-2) —8-6 10-20] 655-9} — 2-9 

7 6-52| 662-0|—10-4 8-94] 658-5] — 6-6 
8 cope |! sedan AB OOUON|dogaoc.| osorsosllspgoodonl hesesas Woesrad||! eoetsc 

9 8-07| 652-7| — 9-6 13-65) 653-8|—92-4 

10 8-60} 650-6} — 2-4 10-67] 653-6) — 0-1 

12 7-31| 656-8|—-17-2 14-65] 660-0} — 4-3 
13 9-61) 657: GIA14-O]} -.ece | cccwee | ceccee I] we ccea | se enen | wneeee 

14 5-49] 658-6|—16-0 14-85] 655-9] —3-6 

15 5-29| 650-2) — 6-7 12-16] 650-6] —3-8 

16 5:91| 653-2} — 3-7 9-94! 651-9) — 5-7 

17 5-64] 653-8 4-3 11-96] 640-5|—13-6 

19 || 11-90) 650-2)—30-2 . 12-98) 642-3 1-1 

20 8-19] 651-9|—13-8]) 11-90 11-96} 649-2 0-9 

2 8-86| 651-8|—26-2)| 12-63 14-44! 647-3 0:3 

292 12-57 641-2/—23-0]| 11-96) 641-7) — 9-7] ----- a reksoolcasecs 

23 6-17| 648-7|—23-7|| 7-99 13-57| 641-2) —9-8 

24 8-33] 652-7|—16-7|| 11-69 12-98] 651-9} —6-1 

26 6-45] 650-4|—10-6|| 9-88 10-40] 651-8) — 6-2 

27 7-31) 649-5) —8-7|| 13-65 16-34] 649-8 2.2 

657-8|—29-0 . . 652-8 4-1 

Decln. 

94° + 

8-66 
10-67 
4-70 
8-27 

13-57 
8:86 

6-45 
9-00 

11-29 
9-81 
9-14 
8-80 

10-34 
8-39 

11-02 
8-60 
8-74 

16-34 

13-25 
10-00 
9-67 

9-14 
13-25 

10-55 
9-33 

12-16 
8-94 
8-60 
9-14 

ee aeee 

5 P.M. 

Bifil. | Balce. 
or- | Cor- 

rected.jrected. 

sc. div. |mic. div 

653-9) —0-4 

650-9) 11-0 

640-7| 5-8 

655-7| — 3-7 

655-2} 9-1 
653-3) 4-4 

657-0} — 1-7 

660-6} — 3-0 

659-8) 2-4 
656-4) 0-8 

655-2) 4-8 

662-2} 2-7 

658-3] 2-5 

659-7| — 2:3 
658-6) 2-9 

658-8] 4-1 

660-5| 2-2 
658-0] — 3-5 

646-7] 19-7 
656-4) 2-0 

640-9] — 1-3 

658-9 
656-5 

658-9) 8-1 
660-8] — 2-3 
657-7| 17-9 
649-3) 5-8 
659-9} — 3-2 
658-6) 2:5 

658-5] —0-3 
657-5} 0-6 
651-0) — 4-8 

641-1] 44:7 
660-8} 10-0 

9-81 
10-08 
10-34 
9-94 

11-29 
7-87 

14-59 
8-86 

10-96 

665-3} 12-3 

655-3} 1-2 
656-7) 2-3 
652-0) 2-4 
655-1] — 9-6 

653-8) 3-6 
661-0) 2-1 
654-9) 4-9 
651-4) — 0-7 
655-7| 0-8 
648-5} 0-4 

650-2) — 2-0 
651-7| 3-7 
641-0) 67-4 

Temperature of Bifilar and 
Balance. 

8 a.m. |114.M.| 2 P.M. | 5 P.M. 

47-3 | 46-7 | 45-9 | 45-0 
42-1 | 42-2 | 42-2 | 42.6 
44-3 | 44:5 | 45-9 | 46-9 
45-2 | 45-7 | 45-5 | 45-8 
46-1 | 46-3 | 47-0 | 47-2 
45-9 | 45-9 | 46-2 | 46-5 

46-6 | 46:8 | 46-5 | 46-5 
45-7 | 44:6 | 44.2 | 44-5 
36-2 | 35-3 | 34-7 | 35-4 
37-3 | 37-8 | 40-6 | 42-5 
38-3 | 38-3 | 38-7 | 39-7 
38-6 | 37-9 | 37-7 | 38-6 

35-5 | 34:9 | 34-7 | 35-2 
36-6 | 36-8 | 37-1 | 37-8 
36-4 | 35:8 | 36:0 | 36-5 
32-2 | 31-7 | 32-1 | 33-1 
35-4 | 35-5 | 37-1 | 38-4 
37-4 | 37-1 | 36-7 | 36-4 

34-5 | 34-6 | 35-2 | 35-7 
32-9 | 32:3 | 32-6 | 33-6 
33-3 | 33-2 | 33-9 | 34.9 

29-0 | 29-3 | 30-1 | 32-0 
26-8 | 25-7 | 26-2 | 27-6 
27-1 | 27-7 | 28-0 | 28-5 
98-7 29.1 seeeee 32-5 

28-6 | 28-0 | 26-5 | 30-9 
33-2 | 33-1 | 35-2 | 35-5 

36-6 | 35-5 | 36-5 | 36-5 
35-0 | 35-2 | 36-1 | 37-0 
35-1 | 35-0 | 36-1 | 36-9 
eeccee | seecee | eeeees | cosere 

eeeeee | woveee | ceeene | seeeee 

28-4 | 28-7 | 31-1 | 31-7 
25-0 | 22.9 | 23-0 | 26-4 
18-2} 16-8 | 17-8 | 20-8 
14-6 | 13-0 | 13-0 | 18-6 

25:3 | 23-8 | 26-5 | 29-8 
28-2 | 27-6 | 30-1 | 32:3 
26-0 | 25-6 | 27-2 | 30-7 
27-1 | 26-6 | «+--+: 32-5 
25-4 | 25-9 | 27-7 | 32-0 
27-7 | 28-2 | 31-7 | 34-0 



Gottingen 
Mean 
Time. 

Civil Day. 

Mar. 

whore 

SCUONA MN beet 

ee eeee 

we aeee 

se aeee 

sees 

sees 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING MArcH AND APRIL, 1855. 43 

Sam 11 aM. 2 PM. 5 PM. Temperature of Bifilar and 
i Balance. 

| Bifil. | Balee. |! Decin,| Bifil. Balce. || Decin,| Bifil. | Balce.|) pegj,| Bifil. | Balce. 
Cor- | Cor- 24° + Cor- | Cor- 24° 4. Cor- | Cor- 24° 4. Cor- | Cor- || 8 A.M. |} ll a.m.} 2 p.m. ] 5 P.M. 

rected.| rected. * Irected.|rected. rected. |rected. rected.|rected, 

sc. div. mic. div 4 sc. diy.|mic, div]} ” ‘ii se. fae biiayaie iG se. div. |mic. div ¢ 3 2 s 

640-2) —3-0|| 15-58] 638-7} 0-3]| 34-18] 633-3 1-2} 7-25} 650-1] 12-8) 38-7 | 39-7 | 41-6 | 42-4 

646-2} —8-0|| 6-92) 631-2)/—10-8)| 12-98) 647-5 1-0|| 6-72) 647-8) 17-8|| 39-8 | 40-4 | 43-0 | 45.4 

655-6} —7-9]| 7-99] 635-3) — 5-1|| 12-57| 648-4) —3-2|| 7-39|}654-0) 4.1]| 40-5 39-7 | 40-5 | 41.3 

653-9| —9-8]| 9-06) 646-5) —1-1|) 13-77] 651-3) —3-7)| 9-27) 653-9) 3-1] 39-8 | 40-7 | 41-2 | 43.2 

648-4| — 3-3] 8-54) 638-6}  5-6|| 12-02] 653-7) —1-1]| 8-27] 657-5] 10-2/| 37-9 37-6 | 40-9 | 45-5 

655-5) —6-6|| 8-27) 633-2) — 3-9)! 12-22) 652.6 1-5|| 8-27) 658-5) 14-1]| 38-1 37-5 38-1 41:3 
571-7| —1-0]| 6-52] 633-1] —0-8]| 13-04! 647-1 TEAM) Decaod-|) dorcel donee S77 37-7 40-0 | «-.00- 

656-2|—10-7|| 5-91) 638-9] — 9-4|| 14-71] 642.8] — 2-1|| 23-34] 666-2} 33-0|| 37-1 35-9 | 37:0 | 38-5 

L| 646-0/—12-0|| 9-00) 633-3) — 3-8]| 17-80] 643-8] — 4-9] 10-28] 653-6] 10-2)| 35-1 34-7 | 34-6 | 34.7 

655-7| —6-0)] 11-49] 645-3|—22-2)| 22.51] 657-8)—17-6]| ---22+ | seeeee | ee eee 33-2 | 34-7 | 39-1 | --s... 

638-8/—10-7|| 6-17) 634-5} 12-1] 12-36) 645-8 9-0] 11-75] 657-5) 28-6) 39-4 | 38-9 | 39-1 39-5 

647-0|—14-1]| 11-83] 636-7| — 2-6|| 12-421 652-4) 0-5)! 7-04) 651-5} 17-9) 36-8 | 37-2 | 40-8 | 41-9 

644-5} —0-5/| 10-40] 638-4) —6-8]| 16-40] 644-2) 10-3]/ 12-36] 649-8} 19-1|| 35-8 | 35-2 | 36-5 37-6 
654-3] —3-7]| 14-99] 632-2] —2-Q||...... |... SEC Sepaceh Il hip Gacu eceeDe Meee aloe Gel DG beoescgehli ewer 

648-8) —4-6|| 7-66] 640-5) —1-4|| 9.14) 645.8] —0-7|| 14-32) 670-8} —1-1]| 37-5 | 37-5 39-4 | 41-1 

644-2|/—10-4|| 12-83] 635-1) —9-5!| 16-61) 642-4 5-7|| 10-96] 656-6] 15-8|| 38-7 | 39-0 | 41-3 | 42-9 

641-9/—12-0]} 8-94) 624-9|—11-5|| 16-46) 645-5] — 3-0)/ 12-63] 649-5} 21-0)) 38-2 | 37-9 38-0 | 38-4 

651-7} —3-4/| 10-61] 640-4) — 9-9] 15.94] 643-4/—11-3]| 11-63] 660-6) 0-7|) 36-3 37:0 | 38-5 | 38-7 

654-2) —7-5|| 7-99] 643-5| — 6-7] 16-40] 649-8] — 9-2|| 12-36) 657-0 1-4|| 34-3 34-7 | 36-0 37-1 

650-7|/—12-2)| 12-98) 643-3}—11-0]| 19-70) 656-5|--18-1|] 14-04] 663-4) 7-6]| 32-7 | 32:6 | 36-1 38:7 

649-3} —7-1|| 6-98] 639-6] 15-2) 16-34] 644-3/—11-6]| 6-98] 645-8} 16-8]} 36-1 39-2 | 39-7 | 42-9 

646-6) —1-2|| 8-54) 638.5) —7-5|| 15-11} 647-3] — 5-3|| 10-28) 659-6) —3-0]| 39-1 39:0 | 40-6 | 41-4 

649-5} —7-5|| 11-69] 633-1|—13-2|| 13-77) 649-5|—21-1]| 8-27) 650-1) 14-3]| 37-8 38-4 | 39-6 | 41-4 

645-9} —6-6]| 9-21} 633-9|—11-4|| 15.58] 647-7|—-18-5]| 9-88] 656-7} —9-1]| 35-5 | 35-5 39-4 ] 43-2 

651-3}—11-8}]| 9-41) 638-8|/—12-7|| 17-34] 642-6|—14-0|| 12-16) 652-9) 6-8] 38-1 38-1 | 40-3 | 42-0 

653-2|—18-4)||  9-27| 637-8|/—11-6]| 14.44] 645-3|}—27-1|| 16-67) 654-1/-19-.6]} 38-2 | 39-1 42-6 | 45-1 

651-5|—12-6]| 7-12) 636-2/—20-6]| 15-05] 649-1/—26-6}| 10-00) 659-8) — 8-9]| 37-5 | 36-9 | 40.3 | 43.7 

656-1|—24-1|| 8-74) 642-6|—25-7|| 18.68] 652-0|—27-4|| 14-99] 669-6/—13-7|| 38-5 39-1 40-3 | 42-0 

631-1|—35-7]| 10-00} 643-3|—33-5]| 16.46] 656-6|—27-4|| 20-17| 660-0} — 7-7|| 36:6 | 36-0 | 40-0 | 45.4 

639-9|—27-5|| 13-92) 619-6} —3-5]| 17-40] 644-5 3-1|| 14-71] 663-7} 20-0]) 41-3 | 42-4 | 47-0 | 51-2 

642-1) — 8-5]! 11-75) 625-3) —4-2/| 14.71] 649-8}  4-9]) 11-75} 646-1} 29-1]) 48-3 | 49.1 53-7 55-1 

643-9] —9-5|| 9-06) 635-7) —7-8|] 15-05] 646-1/—10-8]| 11-08] 656-0} 6-9]| 50-1 49:8 50:5 | 51-3 

650-2} — 3-8]| 9-61} 635-4} 0-5)| 15-38) 656-1} — 5-2)| 12-50) 654-2) 14-3)]} 49-1 50:3 53:9 | 56-2 

646-8] —3-8]| 8-13) 638-1} —4-1]| 14-71] 646-4) — 7-6]! 10-28} 658-9] 0-4)| 47-6 | 47-9 | 49-6 | 50-6 

seeeee | seers |] 6-25] 637-0] —9-4]| 14.99] 645-0] -13-7]| 11-75) 658-7] — 2-6]| ---+-- 42-3 | 44:0 | 47-6 

651-1] —4-7|| 8-74) 637-2 1-0|| 13-77] 649-3/—14-5]| 12-10] 655-7) —6-8]| 44.8 | 45-7 51-3 56-9 

642-9} —7-0|| 8-66] 638-7} —9-5)| 14-04] 650-1/—12-9]| 10-28] 653-9} —6-3]| 48-0 | 48-3 53-5 55-7 

648-3) —6-7)| 10-14) 643-8/—14-8]| 15-73] 648-3|—12-8]] 11-16] 667-1] 45-2/| 50-5 50-4 50-9 51-4 

648-7} —5-1]| 8-60} 639-8|—11-5|| 14-71| 654-4|—24-0]| 7-87| 659-8} 46-0]| 43-3 | 44-2 | 50-6 54-3 

647-8) —0-2|| 6-25) 634-5) —7-4|| 14.24| 647-5) — 7-5]| 10-34] 659-5) —4-1]| 48-8 | 49-1 50:5 52-3 

641-5) —2-7|| 8-94! 639-1) —1-2|| 15-32] 662-4] —8-9]| 12-69] 654-7) 8-0]] 44-6 | 46-8 | 50-5 51-5 
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Gottingen 
Mean 
Time. 

Civil Day. 

| May 

oP © be 

DAILY OBSERVATIONS OF MAGNETOMETERS DURING MAY AND JUNE, 1855. 

11 a.M. 

| Bifil. 

Cor- 

rected. 

Balce. 

Cor- 

rected. 

mic. div 

—17-4 
Hf 8 

sc. diy. 

644-2 

634-5 
628-8|}—12-5 

633-4/-16-0 

636-6} — 6-8 

643-9|—13-0 
641-6} 29-2 
634-6] — 5-4 

weecee | ee aeae | conane 

5-23] 638-9 
6-52) 635:5 
9-21) 638-6 
8-94) 640-9 
3:27| 637-9 
6-92) 634.8 

9-33) 632-4 
6-78] 634-8 
4-56] 631-9 
3-08} 640-5 
6-92) 645.0 
7:99) 646-8 

7-31] 634-0] —9-5 
5-64| 642-1|—-14.5 
5-17] 644-6) —8-8 

13-57| 632-5) — 3-4 

8 A.M. 

Bifil. | Balce. 

Cor- | Cor- 

rected.|rected. 

sc. div. |mic. div 

643-6 5:7 

645-8|—-13-9 
634-7|—-13-4 

646-1|—18-8 

647-3) —2-9 

644.2|-10-9 

645-3|—-11-8 

646-2) — 3-2 

645-5|—-13-7 

593-6] — 7-7 

643-0) — 1-2 

648-6)—11-9 

645-2)—10-2 

642-0) — 3-3 

651-4|/—-13-1 

645-6} 40-4 

646-8) — 6-7 

648-8] —6-4 

648-9) — 8-0 

650-7| — 4-0 

654-2|—-13-6 

650-4) — 3-2 

608-5|—52-2 

636-1|—19-1 

640-4| —7-0 

2) 639-5) — 3-1 

642-0) — 1-0 

655-8} —9-] 

653.5) —6-8 

647-5) — 9-2 
651-2} 2-0 

653-1) — 9.2 

648-3} —1-9 

644-1} —8-1 

637-3'-19-7 
643-1) — 1-8 

650-7/—13-0 

645-8] — 2-9 

641-6} — 0-6 

643-7 2-8 

648-6} — 1-5 

643-2) —6-1 

647-4) ~ 1-7 

646-3) 5-3 
645-0 0-0 

628-6|—18-8 

640-2} 5-6 

635-7} 8.3 

635-9) — 1-3 

635-7| —9-9 

640-7 9-9 

597-6) 13-4 

7-51] 636-7) — 3-3 
6-31] 644-2} —5-0 

6-11] 644-8) — 5-6 
6-25| 635-9) — 6-6 
7-60] 633-5) 1-8 
5:78] 642-6} — 9-0 
3-94] 642-0|—22-9 

7-25) 645-4|—-14-3 
3:41| 642-1)—14-5 
2-52! 642-1}—13-5 
4-62) 637-8} —9-1 
7-25] 627-7| — 2-3 

5:49] 635-6} 1-2 
5:-64| 633-0} — 2-6 
0:91| 646-6/—12-7 
8-33) 640-2) — 3-7 
7:93] 642:0| 7-6 
6-11) 641-3} 8-8 

Decln. 

24° + 

13-25 
15-38 
14-38 
12-36 
13-37 

8-74 
14-24 

12-10 
13-45 

11-23 
11-63 
17-34 
12-10 

ween 

2 P.M. 

Bifil. | Balce. 

Cor- | Cor- 
rected. |rected. 

sc. diy. |mic. div 

656-0 1-6 

655-1}-11-1 

649-2} 0-4 

639-7|—-12-7 

660-5|—-15-7 

648-1|—15-8 
655-1} 39-2 

648-7'—10-8 
658-5|/- 16-0 

666-7 
640-7 
666-5 
660-5 
641-1 
651-2 

657-3 

653-1} —8-2 
656-7) —9-9 
645-1} 12:3 

645-9} 2-6 
646-9} —8-9 

§] 653-2|/—10-8 
3} 659-7| — 7-0 

662-5) 23-4 
650-5) 17-1 

5 P.M. 

Bifil. 

Cor- 
Decln. 

ysl oe 

Balce. 
Cor- 

rected. |rected. 

sc. diy. |mic. div 

Temperature of Bifilar and 

8 AM. 

10-55] 660-0} 4-3 
11-29] 657-8} 10-6 
9-00} 653-5} 9-8 

11-02}659-3} 1-8 
12-16]671-1] 6-4 

5-85) 661-1} —4-8 
13-31] 679-5} 32-8 
7-99) 655-6} 13-4 

8-33| 661-1} 2.4 
9-21) 663-5} — 5-0 

5-85] 666-6} 10-1 
—4-72| 693-6] 19-6 

5-23) 664-4) —9-7 
7-04} 671-0} 9-1 
9-81| 661-7} 1-0 
6-92| 666-1} 0-3 

7-51] 659-8} —6-1 

6-45] 658-6} —5-1 
6-25) 655-0} — 5-9 
7-31) 656-0} — 2.4 
8-19] 667-3) —7-4 

8-47] 659-8] 14-6 
7:19] 658-3} 3-2 
7-72| 667-6] —6-8 
8-54] 661-8) 5-7 

16-54] 660-3] —0-5 
14-91) 659-4] —3-2 

9-67| 664-0) 4-9 
7-87| 656-0} 2-1 

17-01| 684-8] — 7-4 
8-60) 667-2) 18-5 
8-07] 645-6} 13-8 
6-52| 662-1) 14-0 

8-86} 654-5} 7-4 
9-73] 665-0} 15-9 
7-93|655-7| 7-6 

14-79) 661-6) —2-3 
6-25| 661-6} 6:3 

9.27| 659-8] —1-1 

7-39] 665-5} —6-4 
10-61] 663-0} —6-0 
15-58] 672-6} —7-9 
8-39] 659-5) 9-6 

8-86) 655-3) 8-1 
5-97| 660-5} 7-2 
5:97) 658-0} —1-3 
8-60) 660-1} 20-4 

10-00) 659-3} 27-8 

Balance. 

lla.m.| 2P.M.| 5 P.M. 

° ° ° 

45-7 | 46-3 | 47-0 
45-4 | 49-8 | 54.0 
46-9 | 46-8 | 46-9 
38-8 | 40-7 | 42.3 
40-1 | 42-8 | 44.4 

43-9 | 44.6 | 44.9 
42:0 | 44.3 | 45-7 
ADB, |' veveas 42.9 

41-6 | 42-3 | 43-1 
41.4 | 44.5 | 45.7 

43-8 | 45-8 | 47-8 
44.2 | 45.6 | 46-5 
44.9 | 46-9 | 49-7 
47-2 | 49.6.| 52-8. 
48-1 | 52-1] 55-2) 
53-5 | 56-8°| 59-9 

54-7 | 52.6 | 53-1 
48-0! tiewc dene! secre } 

49-0 | 53-2 | 55.4 
54-4 | 56-8 | 57-6. 
59-1 | 63-6 | 65-1 
58-7 | 62:9 | 65.4 

51-5 | 52-7 | 54.0 
47-7 | 48-9 | 49-3 
47-3 | 48-0 | 50-1. 
45-8 | 47-8 | 50-0. 
45-9 | 46-2 | 46.2. 
47-4 | 49-0 | 50-5 | 

) a 

56-0 | 57-8 | 60-6] 
56-8 | 59-1 | 61-5 | 
61-0 | 63-2 | 64-3 
60-4 | 61-9 | 64-1 
57-9 | 60-6 | 61-2- 
58-2 | 59-2 | 61-0} 

eosdcl eee vo 
59-6 | 62-5 | 65-3] — 
60-4 | 64-3 | 66-8 | 
58-8 | 58-3 | 59-7] 
55-0 | 56:3 | 57-5} 
53-3 | 53-0 ae | 

i 
pan ies 52-1 | 53-9 
ry ee Mees ||) cc 
53:5 |: sans ot GIES 

62:3 | 65-7 | 684 
65-7 | 67-2 | 67-4 
63:0 | 63-9 | 65-4} 

58-0 61-3 | 
60-9 ‘7 | 
64-4 
61-8 



DaILy OBSERVATIONS OF MAGNETOMETERS DURING JULY AND SEPTEMBER, 1855.* 45 

Gottingen 
Mean 
Time. 

Civil Day. 
Decln. 

24° 4 

0:92 
3-82 
2-88 

11-49 
—0:36 
—1-44 

0-52 
0-58 
0:86 
0-19 
0-05 
5-91 

Lea? 
—0-82 
—0-76 
—3-85 

6:78 
—1-44 

4.23 
0-31 

8 A.M. 

Bifil. 
Cor- 

rected. 

so. div. 

643-7 

643-8 
641-0 
624-4 

636-7 

646-7 

642.1 
636-0 
644-3 
648-4 
647-4 
641-4 

642-1 
641-7 
651-2 
657-8 
619-7 
637-3 

616-2 
631-3 

Balce. 

Cor- 

rected. 

mic. div 

16-9 

—17-4 
20-0 

—455 

22.5 

19-9 

24-4 
16-7 
17:3 
15-4 
24-6 
20-1 

15-4 
20-6 
19-2 
17-7 

eeecee | cesses | cossee 

eeeese | ceases | co eee 

eecsee | covees | seccee 

644-0 —10-9 

11 AM. 

Decln, Bifil. | Balce. 

9404] © or- | Cor- 
rected,| rected. 

se. div. |mic. div 

631-5} 21-0 
635-2) 3-1 
635-3} 21-9 

6-11] 630-9} . 4-3 
6-17| 638-2) 22-5 
3-41] 637-6] 24-2 

7-60 
1-33 
5-49 

4-62) 630-9) 22-8 
4-90) 637-4) 15-7 
4-50] 631-7| 26-1 
4-70} 633-4 

637-2 
633-6 

636-0 
eeeeee | sence | ee eeee 

640-6|—22-0 
642-5) 11-0 
623-8) 31-1 
629-7| 28-9 

639-3] 17-6 
636-1] 26-0 

coon | coeeve | coves 

eeecee | cesese | coecee 

eeecoe 

eereee | erores | wosson 

2 P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.| rected. 

Decln. 

24° 4+ 

‘ se. me mic. div 

647-5} 7-8 
635-6} 10-9 

seeees | cweree | etree 

10-28) 656-3 
11-43} 636-8 

8-66) 656-8 
8-66] 649.9| 24-2 

reecee | coeees | te orre 

5 P.M. 

Bifil. 
Cor- 

rected. 

Decln. 

24° + 

se. div. 

663-1 

653-6 

671-2 

ee ecce | ww eeee 

eeeeee | ceeeee 

ececee | ce eeee 

eeecee | eeesen 

eeosee | eeeeee 

eeosee | ceeeee 

seccce | ee eeee 

ecovcce | ee eeee 

Balce. 

Cor- 
rected. 

mic. diy 
17-2 
24.7 

seaeee 

eeecee 

se eree 

eeacee 

eeeeee 

eases 

eessee 

pe oece 

eeerees 

eeeree 

ceeeee 

eeecee | te eeee 

evecee 

eeccee | ceeese 

eeecee | weeree 

woccce | ce eees | weseee 

wecece | eoeees | cesses 

sesece | cence | seveee 

ee scee | choses | soceee 

seeces | coseos | weseee 

seccee | ceases | seeces 

eeocee | coneee | sescee 

aeneee | ceeees | severe 

7-31] 656-8) — 7:3 
3-94] 646-5} — 5-3 

12-57| 650-8) — 1-8 
8-13) 648-8) —3-1 

9-94) 650-4) 2-3 
10-34| 661-8) -— 3-7 
6-58) 656-7). 1-2 
7-45) 653-4) — 1-7 

7:99| 649-9) 5-1 

eeceee | se eeee 

ee ey 

* No Observations during August. 

eeeree 

eecesee 

seesse 

esses 

eeeree 

eeeree 

oeseee 

eeecee 

Temperature of Bifilar and 

Balance. 

eeeeee 

eeoeee 

oe 

eeocee 

eeccee 

erecee 

eeeces 

eeccce 

eecces 

eeecee 

wecces 

eeccee 

eevee 

ee eeee 

eeccee 

seers 

ee eeee 

weeeee 

eeeeee 

we eeee 

eeeeee 

eeeeee 

se eeee 

ee aeee 

eeeeee 

seeeee 

secon 

aecene 

ee eees 

eeeees 

ee eeee 

ee eeee 

we eees 

ee aeee 

weccee 

ee eeee 



46 DartLy OBSERVATIONS OF MAGNETOMETERS DURING OCTOBER AND NOVEMBER, 1855. 

Gotti n 
Mele 8 A.M. 2 P.M. 5 P.M. Temperature of Bifilar and 

Time. Balance. 

DecIn,| Bifil. | Balce. | Bifil. Balce. || pHecjn,| Bifil. | Balce. Decln,| Bifil. | Balce. 
Civil Day. 9 Cor- | Cor- Cor- | Cor- ° Cor- | Cor- ° Cor- | Cor- || 8 a.m. |11l4a.m.| 2 P.M. | 5 P.M. 

24 + rected.|rected. 2 rected.|rected. 2+ rected.|rected. 240+ rected.|rected. 

se. diy. |mic. div sc. div. |mic. div v sc. div.|mic. div a sc, div. |mic. div 

9-0 . 643-2 8-66] 647-4 -4/—0-01| 650-7 
2-8 . 647-5 . 5-37| 656+4 

—8-7 3 649-3 -5|| 11-69} 641-1 

12.4 : 641-2 

664-6) —1-2 
660-5} 1-8 
651-7) —3-7 

654-6) —0-6 

651-0) —3-0 
648-9) —4.-2 
647-5} 11-1 
641-0 

640-3) 5-7 03) 651-0 
647-4| 3-8 58) 654-3 
645-1 : +58) 647-8 

}] 640-9 : -47| 656-6 
646-5 : +12) 654-3 

2) 645-9 : *82| 657-0 

643-5 . 39) 655-0 
647-0 : -39) 656-5 
653-6 

: 1.3 
-4'—11-0 

— 3-5 
—0-5 

— 5-2 
4:5 



DAILy OBSERVATIONS OF MAGNETOMETERS DURING DECEMBER, 1855. 

Gottingen 
Mean 

Time. 

8 A.M. 

| Bifil. | Balce. 
Cor- | Cor- 

rected, |rected. 

Civil Day. 

seer ee | coeeee | weeeee 

eeseee | we eee en | eevee 

ee eeee | we eeee | we ares 

Cs 

eee 

wee ee | we ewe en | we enee 

scare en | ween ee | ve eeee 

660-1|—15-4 
655-4|-15-5 
664-2|—22.2 
663-9/—-19-3 
666-8|/—66-6 
663-8|—-14-2 

0-86] 665-6|—26-8 

0-66] 665-7|—16-9 
0-52) 669-4/—18-8 
0-78] 664-3|—18-7 

— 0-15) 667-1|—-11-9 
0-46] 664-5|—16-2 

—0-21| 668-2|;—-15.-2 

0-58) 662-6 one 

ee eree 

se eeee 

2-88 
3-27 
5-10 
3-35 
3-88 
4.62 

9-00 
5-23 

2-94 
3:00 
1-45 
1-53 
2-80 
2-00 

2-19 

1] A.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.| rected. 

sc. div. |mic. div 

ees eer 

662-2/—14-7 
669-8/—22-9 
652-3|—22-5 
659-9|—21-0 
665-3)/—-17-3 
666-7|—12-9 

650-0)/-13-6 
657-7) —9-5 
643-9|—-16-5 
656-7|—-11-1 

663-2|— 20-3 

651-1|—20-4 
666-8'—21-6 
661-3|—-13-9 
667-1}—15-3 
660-9'—-18-8 
662-8/—15-4 

655-7) — 9-0 

2 P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected. rected. 

Decln. 

24° + 

‘e sc. div. |mic. div 

wt eee e | ee ee ee | se eree 

weer ee | wee we we | te owen 

662-4) — 8-2 
668-3|—-16-1 
659-2) —8-3 
667-3|—12-3 

663-7| — 5-3 

666-4) — 9-2 
651-0) —6-3 
653-9/—10-6 

wees ee | ee eeee 

664-7|—13-6 

663-7|\—-13-4 
-62| 660-8'-15-4| 

2.19] 664-1|-13-0, 
4.82] 636-5|\-10-8 
1-59| 664-6/-15-8 
3-55| 668-4'-13-0 

2-94| 660-2} —6-3 

5. P.M. 

Bifil. | Balce. 
Cor- | Cor- 

rected.|rected. 

Decln. 

24° + 

¢ se. div. |mic. div 
weceee | teen ee | se ccce 

1-59] 663-7) — 8-8 
2-25] 666-0)—12-0 
4.23] 656-9) —7-1 
1-53) 665-5|—-12-3 
2-52) 665-3) — 7-1 

5-91| 666-9} 0-6 
1-45] 651-9)-11-3 

1-06] 665-0|-15-9 

1-53) 664-4 
4-14! 677-3 
0-58] 664.4|—12-7 
0-52) 666-2)—11-9 
0-78] 664-2|—12-4 
1-73} 664-2/—10-0 

Temperature of Bifilar and 

8 A.M. 

es eeee 

sees 

ee eeee 

oe eeee 

Balance. 

er eeee 

ec eeee 

se eeee 

11 a.M.} 2 P.M. 

eeenee 

ee anes 

ween 

5 P.M. 

ae anee 





DAILY 

METEOROLOGICAL OBSERVATIONS. 

OR 

MAKERSTOUN OBSERVATORY, 

1847-1855. 



50 

| Jan. 

| Feb. 

Civil Day. 

bo 

Oonoaawp 

Calculated 
11 A.M., Gottingen = 

Daily Means.* 10h le ee faa ee 

Rel. 

ay Sky |] Barom wes 7 oe Hum. 
iN clouded.|| at 32°. Air, |Evap. Satur. 

== 00) 

fo} [e} oO 

BGI sacisaa. \eneemian, Ieamclnelnces ax be. 
37.2 seaewa, leeeencloneene eae 

SVBOM canoe Plo. ccce aalaselmessaelermesn 
BO cone fall Sean aeaauleeitee nil eae 

41-7] «. 29-817] 42-2) 41-5} 95 

aula] cocson 29-884| 41-0) 40-1} 93 

ROK) Saccec 29-958] 41-9} 40.2} 87 

B3-Ol ccaces 30-157| 34-2) 32-5} 85 

20-2 1-2 || 29-949) 20-4) 20-7} 100 

15-3 3-6 || 29-869] 16-9] 17-2) 100 

26-7 9-7 29-707| 26-7| 26-8} 100 

28-7 7-1 || 29-766] 27-1| 27-2) 100 

35:3 0-5 || 29-793) 37-0) 35-0} 83 

31-3 6:6 || 29-884) 33-7] 33-6] 100 

31-3] 10-0 || 29-966] 31-6) 31-4) 98 

30-6] 10-0 || 29-992) 31-2) 31-0) 98 

29:0 7-0 || 29-831) 29.9} 29.8} 99 

28-3 7-3 || 29-707| 25-4) 25-7| 100 

33-6 9-9 || 29-589} 34-9] 32-8} 82 

34-1] 10-0 || 29-458} 34-1] 33-3} 93 

37-7 9.0 || 28-790) 37-5| 35-7) 85 

41-7| 7-7 || 28-878] 44-0] 42.3) 88 

39-6 6-9 || 28-732] 41-0] 39-6} 90 

37-7| 10-9 || 28-611) 36-7| 36-5} 99 

37-5 7-1 || 28-957) 38-5] 37-5) 92 

36:3 8-4 || 29-318] 36-3) 35-5| 93 

32-4 6-7 || 29-634] 34-0] 33.9} 99 

31-5 6-1 || 29-843] 33-7| 32-1] 86 

29-7 8-4 || 29-899] 32-2) 31.9] 97 

25-7 3-9 || 29-968] 28.3] 28.6} 100 

38-6 8-2 || 29-768) 40-3) 38-1) . 83 

38:3 4.2, || 29-208] 42.4) 39.3) 78 

24-6 1-7 || 29-324] 25-5] 25.4) 100 

26-4 7-0 || 29-098) 27-8) 25-9} 82 

30-6 2-8 || 29-340] 30-1] 29-4) 94 

31-2 6-6 || 29-589) 29-8] 28.4] 87 

23-6 3-1 || 29-610} 26.8} 26-1] 93 

29-1 7-2 || 29-711] 28-6} 27.9] 94 

36-8 6-9 || 29-032) 37-9] 37-0} 93 

40-2 6-4 || 29.263) 40-8) 38.4) 82 

42-3 9-6 || 29-333] 41-6) 40-6} 93 

44.5 7-2 || 29.252) 47-4) 44-3} 80 

39-5 6-4 || 29-370] 40-2] 36-9] 75 

41-6} 10-0 || 29-837) 41-6] 39-9) 87 

41-4 3-4 || 30-065) 41-4) 40-5) 93 

35-0 6-6 || 30-103) 35-4) 35-5) 100 

32-4 5-2 || 30-049] 32-5) 31-3) 90 

28-7| 0-3 || 29.998) 27-5) 27-2) 97 

34-0 9-7 || 30-045) 36-1) 32:3] 68 

33-2 7-4 || 30-069) 33-4} 32:9 95 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

se esee 

29. 845 42-1 
29-852) 41-6 
30-003 
30-136 

Sey a 

29-882 
29-814 
29-697 
29-789 
29-750 
29-941 

29-973 
29-947 
29-777 
29-643 
29-535 
29-356 

Cy roca 

28-741 
28-888 
28-873 
28-721 
29-026 
29-403 

29-716 
29-830 
29.910 
29-980 
29-658 
29.234 

29-203 
29-100 
29-334 
29-598 
29-610 
29-556 

28-868 
29-204 
29-303) 45- 
29-238 
29-558 
29-750 

30-071 
30-060 
30-006 
29-963 
30-047 
30- 033 ‘ 

Thermo- 

meter. 

Min. | Max. 

sees 

te eeee 

scene 

seceee 

-070 

040 
084 
041 

-280 
057 
+138 

-058 

Force of 
Wind. 

Max.|Mean.* 

© lle eceas| saveas 

ease eel ce eeee 

we cee el ce eeee 

eee) ee ed 

Sd i 

ee ee es] sees 

0-1] 0-0 
0-0} 0-0 
0-0| 0-0 
0-:0| 0-0 

nichareyore 0-3 

0-3| 0-0 

0-1} 0-0 
0-2| 0-0 
0-1| 0-0 
0.2! 0-0 
2.2| 0-8 
2-2} 0-2 

6-6| 0-5 
5-2| 1-5 
6-0| 1-2 
0-6} 0-1 
0-9} 0-2 
1-5| 0.6 

2:0| 0-2 
0-8| 0-3 
0-5| 0-1 
0-1] 0-0 
1-2] 0-4 
6-1] 2-3 

1-3). 0:1 
ALON, 1-5 
5-0| 1-0 

Daa a4 0-1 

efavateave 0-0 

3-2| 0-5 

At OF 
5-6| 1-4 
4.2] 0-9 

Pedi. 34: 
6-3| 2-3 
2-1] 0-7 

0-6} 0-1 
0-8] 0-1 
0-7| 0-2 
O23) Oe 
0-9) 0-4 

0-2 

* See Introduction BS a ceoripton of the methods by which these means have been obtained. 

Dairy METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1847. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20h, 23h, Oh 5b, gh, 

—.- B50 

20, 14, 22, 30, — 
— = Denies 
18, 14, 16, 18, 28 
14, 0, 24, 16,18 

4, 7, 12-81, 13 
2, 0,20,— ie 

— 18,16 07 
8, 6 = 12°ue 

14, 14, 14, 14, 14 
15, 12,14, 6,14 

6, 16,19, 18, 17 
18, 19, 22, 16, 16 
20, 18, 19, 20, 8 
18, 20, 26, 24, 24} 
18, 17, 22, 20, 16 
28, 28, 30, 31, 0 

18, QL, 18. 16, 24 
= 20, 24, 18, 20 
22, 17, 20. 19, 22 
22, 26, 29, 28, 28 

26, 23, 26, 28. 24 
22, 29, 29, 28, 29 
28, 28, 28, 29, 30 
28, 18, 26, 26, 24 
18, — 28, =a 
— 20, 18, 20, 20 

20, 16, 18, 22, 23 
22, 20, 18, 20, 22 
18, 18, 18, 20, 20] 
20, 20, 20, 19, — 
22, 22, 26, 20, 24 
18, 16, 18, 20, — 

91, 20, 22; ZOO 

8, 4, 16, 12, 20) 
24, 28, 16, 14, 

__. 54, 8, on Om 
8,10, 8} 

12,°2, 0, a 



Civil Day. 

DAILY METEOROLOGICAL OBSERVATIONS DURING MARCH AND APRIL, 1847. 

Calculated 
Daily Means.* 

em.) gy 

so Clouded. 

35-9 9-6 

37-8} 10-0 

38-1} 10-0 

37-3} 10-0 

39-2) 9:6 

38:9} 8-9 

40-8 6-8 

32-1 6-4 

27-8) 4-9 

31-9 7:5 

35-6 7:2 

42-5 9-1 

47-4 7:3 

52-3 8-0 

50-8} 10-0 

§2-3 2-3 

46-6 2-8 

47-4 7-6 

43-5| 4-7 

43-2 9:4. 

40-7 9.0 

40-9; 10-0 

46-0 8-2 

37-0} 8-7 
35-8 8:3 

34-6 6-2 

31-9 5-2 

32-7| 6-8 

34-7 4-2 

42:8 3:8 

24.4.4 6-6 

45-3 8-6 

42-3 6-7 

41-2 2-2 

42-4 3:8 

45-1 9.4 

37-1 8-5 

36-1} 10-0 

37-3) 10-0 

40-0} 10-0 

36-3) 10-0 

40-6 8-1 

41-8 6-1 

45-5 6-7 

45-2 4-7 

46-5 3-8 

45-1 5-9 

45:5| 7-8 
43.9 6-7 

44-2 9-3 

46-1 79 

41-0 6-6 

11 A.M., Gottingen = 
108 10™ a.m., Makerstoun 

Mean Time. 

em.| Tem. 

. |Evap. 
of 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Barom. 

at 32°. 

30-322 
30-423 
30-422 
30-334 
30-260 
30-048 

29-875 
29-855 
29-942 
29-621 
29-930 
29-934 

29-561 
29-339 
29-438 
29-501 
29-244 
29-140 

29-607 
29-410 

29-801 
29-734 
29-687 

29-526 
29-423 
29-236 
29-108 
29-205 
29-357 

29-310 
29-502) 49- 
29-423 
28-871 
29-276 
29-603 

29-514 
29-816 
29-889 
29-870 
29-686 
29-575 

29.474 
29-661 
29-775 
29-816 
29-704 
29-691 

29-249 
28-853 
29-020 
29-27] 
29-367 

Mean Time. 

Tem.| Tem. 
of of 

Air. |Evap. 

37-8 
33.3 

38-3 
42.0 
40-4 
41-2 
41:1 
41-0 

37-4 

45-2 
34-4 
32-4 
34:3 
40-0 
46:8 

57:6 
56-6 
54:5 
60-3 
56-1 
51:3 

Thermo- 

meter, 

"|| Min. | Max. 

see wwe ls ewan 

26-8 
27-4 
29-3 
31-9 
29-6 
28-2 

40-0 
39-6 
40-1 
38-6 
36-7 

084 

-056 

025 

+230 

-014 

010 
-046 
-087 

-017 

:133 
-139 
-103 
013 
-230 

Max. 

Force of 

Wind. 

0-2 

* See Introduction for a description of the methods by which these means have been obtained, 

51 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 

20h, 23h, 2h, 5h, gh, | 

1, 0, 

23, 30, 28, 31, 31| 
131, 31, 30, 30, 30 

4,26, 0, 6,24 
19, 19, 21, 20, 25 
28, 30, 30, 0,17 
26, 24, 24, 20, 28 

Saas. “a 
Mig Wvfoee Raa ven: 
17, 16, 17, 18, 24 
16, 17, 16, 24, 20 

8, 14, 12, 16 
17, 16, 18, 18, 14 

[ot7. Oe 
28, 6,16, 12,15 

4 GS LON oe 
10; 10,146. a4 
20, 25,18, 3, 2 

30,31, 0, 2,30 
29, 28, 30, 31, 25 
28, 31, 29, 28, 20} 
26, 28, 28,29, 0 
30,0, 0,0, @ 
© OQ 22 

24, 24, 25, 25, 20 
18, 27, 23, 22, 18 
22, 25, 22, 24,21 
20, 21, 20, 23, 24 
26, 26, 26, 22, 26 
26, 27, 26, 28, 22 

Oor.w;! 
a6." 1, 8,14, te 
22,19, 18, 20, 20 
16, 24, 25, 24, — 

1G, G2- O54, es 
24, — 28, 6,14 
Sh DG 64g 
20, 4, 16, 20 
25, 28, 20, 12, 16 
25, 28, 24, 12, 18 

18, 21, 21, 20, 22 
20, 20, 20, 20, 20 
20, 20, 19, 21, 24 
24, 30,31, 7,14 
19, 24, 22, 20, 18 



52 

Civil Day. 

DaAILy METEOROLOGICAL OBSERVATIONS DURING MAY AND JUNE, 1847. 

Calculated 

Daily Means. 

Te es 
ere clouded. 

43-0| 5-3 

40-9| 9-9 
461) 1 535 
43-4| 9.4 
42.31 9.4 
49-9] 9.2 

41.9} 10-0 

53-0| 6:5 
46-2| 10-0 
50-7| 7-1 
52-8] 6-4 
52.6] 6-0 
B3-4| 4-1 

39.2] 10-0 
41-0) 10-0 
51-2) 9-2 
52.4) 8.9 
52.9) 9.2 
49-8| 8.3 

55-8) 6-2 
51-8| 8:6 
52-9) 7-4 
59-4| 4-5 
66-8) 4.3 
56-2| 9-1 

63-9 3-8 
65-3) 5:2 
64-2) 6-1 
64-7) 18 
52.3] 10-0 
52-1| 7-8 

50-0 9-9 
46-6| 5-8 
50-0! 10-0 
48-0| 8-4 
Bali eBad 
53-4] 9.9 

Pelle (Sez 
49-9| 9-8 
55-0| 6-2 
47-3| 10:0 
50-8) 9-2 
55-3) 9-9 

54-6] 8-8 
50-8) 8-2 
57-5) 41 
55-7| Sl 
54-4, 8-1 
56-9| 69 

66-4, 2.2 
63-4, 1-6 
58-6) 4-9 

11 a.M., Gottingen = 
105 10™ a.M., Makerstoun 

Mean Time. 

Rel. 

Paee: Pee we ore 
at 5 . atur. Air. |Evap eer, 

29.478] 47-8| 42-3] 65 

29-636] 43-0) 41-7] 91 

29-751) 48-0) 45-5) 83 

29-663} 50-8] 47-3] 78 
29-541) 49-3] 45-9} 78 

29-486) 57-8) 51-0) 63 

29-384! 44-6] 44-3) 98 

29-609) 58-7] 53-3) 71 

29-463] 51-2) 49-1] 87 
29-388] 57-9] 53-5) 76 
29-445] 57-6) 52-9) 74 

29-467| 56-9] 53-0) 78 

29-560; 57-5| 50-9) 65 

29-519] 40-7} 40-0} 95 
29-816} 44-0) 41-5) 82 

29-485] 56-7] 52-3) 75 
29-444) 56-6] 52-2) 75 

29-735] 56-1) 50°7| 70 

29-582! 52-8] 49-3] 79 

29-458] 58-1] 53-3) 74 

29-611) 54:2) 47-7} 63 

29-808] 55-8] 50-6} 70 

29-882] 59-1) 52-5) 65 

29-669] 68-3] 61-3} 68 

29-533] 606) 59-3) 93 

30-261| 66-8] 60-4) 70 

30-302] 68-6] 61-1} 66 
30-256) 71-1] 63-0] 64 

30-187| 70-7| 63-6} 68 

30-183] 56-5] 55-0} 91 

30-062) 55-5) 47-5| 56 

29-799) 54-2) 49-2) 71 

29-444) 52-7) 46-1) 61 

29-677) 53-9) 48-1] 67 
29-463] 53-9) 48-3) 68 
29-699] 56-9] 50-3) 64 

29-665] 57-3) 51-6] 69 

29-185) 54-9) 51-4| 80 

29-117| 57-3] 52-6) 74 

29-392) 58-4| 50-9} 61 

29-379] 50-7| 49-7) 94 

29-549] 52-3) 50-1] 87 

29-659) 56-7| 52-6} 77 

29-334| 60-0] 54-5) 71 

29-284! 55-5) 51-9} 78 

29-288] 59-9) 52-9) 64 

29-204) 58-8) 54-7| 78 
29-296] 61-0) 56-2} 75 

29-710] 59-9) 52-7} 62 

30-097| 69-3] 63-5| 73 

30-174] 66-9] 61-7) 75 

30-186] 63-7| 59-1] 77 

Mean Time. 

Tem. 
of 

. |Evap. 

Barom. 

at 32°, 

29-439 

29-688 
29-683 
29-589 
29-481 
29-433} 5 

29-278 

29-595 
29-399 
29-3695 
29-416 
29-457) 5 
29-583 

29-660 
29-739 
29-452 
29-523} : 
29-747 
29-619) 5 

29-412 
29-723 
29-835 
29-782 
29-631 
29-586 

30-255 
30-253 
30-231 
30-149 
30-182 
29-947 

29-713 
29-506 
29-564 
29-520 
29-719 
29-655 

29-168 
29-175 
29-325 
29-429 
29-574 
29-660 

29-325 
29.218 
29-279 
29-169 
29-359 
29-784 

30-105} 74-0 
30-162) 69-3 
30-156] 65-9 

61-1 
59-8 

5 P.M., Gottingen = 

4h 10™ p.m., Makerstoun 

Rel. 
Hum. 
Satur. 
== 00) 

Thermo- 

Min. 

meter. 

Max. 

1- 

634 

‘012 
-028 

-486 

-080 

-326 
-022 

+228 
+152 

-100 

-450 

-098 
-200 
314 

Fo rce of 

Wind. 

.|Mean.* 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 

20h, 23h, Qh, 5, gh, 

14, 19; 18519509 

20, 19, 20, 22, 25 

— 20, 20, 20, 20 
22, 19, 24, 20, 18 
22, 20, 20, 20, 18 
21, 21, 12,12, 12 
8, 8, 12, 24, 16 

16, — 20, 18, 18 

30, 0, 10, 18, 20 
30, 28, 30, 28, 26 
24, 28, 22, 20, 24 
20, 18, 18, 18, 18 

20, 18, 19, 22, 16 
20, 20, 18, 20, 18 
22,21, 6,10, 8 
4, 2, 3, Oe 

, 0, 0. 2ame 
30,31, 0,31, 22 

23, 20, 22, 20, 22 
21, 18, 19, 20, 18 



DaILy METEOROLOGICAL OBSERVATIONS DURING JULY AND AUGUST, 1847. 

Calculated 

Daily Means.* 

Tem. 

ue clouded. 

} 

56-5, 6-9 
54-6} 4-3 

64-0 0-7 

60-5 6:7 

63-9 9-6 

56-0} 10-0 

59-8 8-4 

60-6 6-0 

63-4, 9-6 

65-8 4-6 

65-6 6-8 

69-5 4-8 

64-0) 8-5 

52-5} 10-0 

57-7 3:0 

62-3 9-0 

56-4 9.9 

58-4 9-6 

58-4, 9-4 

57-6} 7-3 
57-6 6-9 

62-6} 7-7 
60-1 8-6 

57-0 9-9 

61-3 6-3 

61-3 4-6 

58-3 7:2 

57-0 8-4 

55:8 4-4 

54-2 9:8 

57:0] 9-8 

58-6 6-7 

56-8 8-9 

52-9 9-4 

54-6) 10-0 

57-5 6:3 

57-8 9-6 

58-6 3-4 

36-8 1-9 

54-6 5-2 

54:1 7:3 

53-5 9-6 

58-6 3:3 

59-3 7-0 

54-4} 10-0 

49-0} 4-2 

53-4 8-3 

54-5} 10-0 

56-6 8-0 

51-5 8-7 

59-0) 5-5 

54-6] 8-8 

55-4 6-8 

11 a.m., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Barom. 

at 32°. 

30-176 
30-136) 5 
29-922 

29.701 
29-656 
29-532 
29-613 
29-666 
29-789 

29-901] 69-6 
29-973} 71-0 
29-999) 72-2 
29-937) 75:8 
29-909) 55-1 
29-917) 61-8} £ 

29-749 
29-726 
29-617 
29-547 
29-934 
29-903 

64:0 
59-2 
60-6 
60-2 
60-6 
63-5 

29-738 
29-796 
29-658 
29-793 
29-680 
29-727 

64:8 
65-2 
60-0 
63-2 
64-0 
63-2 

29-663) 60-1 
29-696) 58-3 
29-562) 59-0 
29-247) 63-6 
29-373) 61-6 
29-304) 62-2 

29-465 
29-460 
29-745) 62-0 
29-650} 59-5 
30-022) 61-1 
30-212) 59-8 

55-9 
58-5 

30-084 
30-008 
30-106 
29-985 
29-694 
29-600 

58-5 
60-5 
59-9 
09-3 
65:5 
60-3 

29-844 
29-956 
29-835 
29-974 
29-967 
30-036 

51-6 
59-5 
58-8 
60-4 
66-7 
63-2 

29-693 
29-727 

58-8 
59-0 

29-617 

5 p.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

30-139] 60-8 
30-076] 58-6 
29-859] 75-2 

29-665) 66-9 
29-608) 72-0 
29-474) 59-5 
29-607} 58-9 
29-697| 64:3 
29-797) 70-0 

29-908 
29-953 
29-961 
29-913 
29-907 
29-877 

715 
70-5 

29-695 
29-711 
29-547 
29-595] 6 
29-967 
29-848 

29-738 
29-719 
29-680 
29-785 
29-628 
29.677 

29-653 
29-688 
29.451 
29-209 
29-443 
29-269 

29-486 
29-403 
29:734 
29-708 
30-074 
30-175 

30-002 
30-020} 58-5 
30-064 
29-873 

29-894 
29-910 
29-845 
29-957 
29-940 
29-963 

29-605 
29-686 

Thermo- 

meter. 

Min. | Max, 

51-0| 68-2 
49-7| 65-8 
38-7| 76-2 

50-9) 78-8 
53-4| 77-1 

sear eeleseeas 

ee ey 

Ce me 

te eeeeleeeess 

sere ele seee 

|: 

-176 
026 
-760 

-046 

975 

+152 

010 

-187 

-184 
-038 
-016 

-198 

+230 
-050 

+132 

Force of 

Wind. 

Max.|Mean.* 

= Oe et me OD “FH bo o> OO bo 

Ccoornwyn— 

com Ww RO 

kK aa 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

204, 23h, Oh 5h, gh, 

4, 
6, 

22,4 

6, 8, 
Go's 
6, 16, 2 

8, 6 
4, 2 
0, 18 

15, 12,18, 2, 2 
why 1D 14. 5 
Ween 1,25 

19.90,6, =) 4 
18, 22, 22, 19, 16 
20, 24, 20, 18, 20 ee 

| 22, 18, 18, 18, 20 
22, 16, 23, 19, 20 
21, 14, 19, 22, 22 
28,16, 2, 2, 2 
Oy x, 2, 2 
9, 10,8,10, 2 

26, 26, 12, 
1, 0, 6, 6, 
12) 4— Oe 
18, 18, 22, 22, 20 
23, 23, 29, 24, 20 
18, 20,20, 2, 6 

4 
4 
0 

— 24, 28, 28, 24 
21, 28, 16, 20, 20 
22, 22, 22,24 24 
20, 22, 24, 22, 30 
18, 20, 22, 20, 20 
21, 20, 16, 19, 18 

90, 22, 28, 26, 26 
18, 24, 24, 24, 24 
18, 20, 18, 16, 17 
22, 18, 19, 18, 20 
23,04 10, 4,54 
20, 18, 25, 22, 21 

26, 0,31, 6,30 
30, 14, 18, 16, 16 
18, 18, 20, 17, 16 
18, 20, 19, 20, 20 
22, 26,22, 0,— 
26,— 6,10, 20 

2, 
22, 18, 18, 24, 22 
16, 20, 22, 20 
16, 20,20, — 16 

30; 0, 30: 31 = 
16, 22, 22, 20, 18 
22,20,-- — 24 
16, 22, 16, 20, — 
18, 18, 20, 22, 20 
16, 12, 26, 22, 24 

18, 18, 24, 20, 22 
21, 20, 20, 20, 22 

* See Introduction for a description of the methods by which these means have been obtained. 



54. DarLy METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OCTOBER, 1847. 

Calculated 
Daily 

Tem. 

of 

Air. 

50-7 
49.5 

Means.* 

Sky 
clouded. 

11 a.M., Gottingen = 
105 10™ a.M., Makerstoun 

30-062 

29-918 
29-634 
29-550 
29.234 
29-364 
29-665 

29-616 
29-715 
29-893 
29-780 
29-764 
29-866 

29-317 
29-015 
29-353 
29-406 
29-496 
29-208 

29-691 
30-012 
29-813 
30-083 
29-838 
29-896 

Mean Time. 

‘| Hum. 

\= 100. 

Rel. 

Satur. 

71 
61 
76 
67 

73 
aus 
98 
85 
70 
73 

69 
76 
79 
92 

5 P.M., Gottingen = 
45 10™ p.m., Makerstoun 

Mean Time. 

Tém. 

of 

Rel. 
| Hum. 
Satur. 

Tem 

Evap. 

48-9 
46-7 

= 100: 

Thermo- 

meter. 

Min. | Max. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

208, 234, 2b, 5h, 8b. 

20, 20, 20, 24, 22 

28, 28, 28, 25, 20 

28, 30, 30, 28, 20 
— 20,18, 18,16 
31,6 Wo da 
20, 20, 20, 20, 20 
24, 24, 20, 25, 24 
18, 21, 20, 18, 20 

— 28, — 20, 20 
— — 26,16, 20 
20, 22, 18, 20, 16 
20, 20, 25, 26, 22 
21, 22, 23, 26, 20 
22, 20, 28, 30, 20 

21, 24, 24, 20, 18 
22,21, 18, 18, —} 
21, 20, 22, 19, 18 
20, 20, 20, 22, 20 
10, 26, — 18, 18 
20, 20, 23, 23, 1 

14, 14, 15, 12, 
> 

6, 
? i038 

a 
4 3 

18, 22, 20, 20, 18 

21, 20, 21, 20, 20] 

20, 22, 24, 22, 24 

18, 20, 24, 24, 21} 
|21, 18, 20, 20, —| 

* See Introduction for a description of the methods by which these means have been obtained. 
{ Spirits adjusted, a bubble being found near the top of tube. 



Civil Day. 

Novy. 

Dec. 

Datty METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DECEMBER, 1847. 

— 

Calculated 
Daily Means.* 

si Sky 
Nae clouded. 

°o 

51-9} 9-0 

48-1 2-9 

38-8 49 

46-8 8:8 

47-0 8-6 

52-4 8-4 

NBio¢ AW w wrere 
46-3 2-6 

50-2} 9-8 

42-6} 9-9 

40-2 5-2 

45-2) 6-2 

55:0} 9-8 

39-4 1-0 

36-0 1-6 

36-0 5:8 

44.7 7:6 

44-7 8-6 

41-2) 10-0 

39-0 2.2 

45-2 8-5 

50-5} 10-0 

37-0 6-4 

30-6) 10-0 

36-5 2-9 

47-8 6-7 

42-2 6-1 

51-0} 10-0 

41-8) 4-8 

44.2 6-5 

36-8] 8-4 

36-0 8-4 

29-9 2-9 

48-8 8-6 

39-8) 10-0 

37-5 6:5 

45-5 6-8 

41-1 1-0 

44.5} 7-8 

47-5 6-9 

47-3 9-0 

41-0} 10-0 

35-6 9-2 

34-8 9-9 

32-4) 10-0 

33-7; 10-0 

33-3} 10-0 

36-0} 10-0 

27-5 5:8 

27-1 3:3 

33-0} 10-0 

33-1 7-4 

26-6 

| 29-424 

11 a.M., Gottingen = 
105 10™ 4.mM., Makerstoun 

Mean Time. 

Tem.| Tem. 
of | of 

Air, |Evap. 

Barom. 

at 32°. 

29.8531 5. 
29.972 
30-192 
29.933 
29.667 
29.600 

29-040} 55-5 

29.732 
29-852 
29-980 
29-870 

29-777 
29-872 
29-994 
30-193 
30-040 
29-894 

29.271 
29-184 
29-447 
29.449 
29-468 
29-207 

28-998 
29-194 
29-796 
29-736 
29-710 
29-324 

28-242 
28-685 
29-212 
28-831 
29-492 
29-256 

29-620 
29-745 
29-560 
29-446 
29-230 

29-100} 44-8 

29-676 
29-524 
29-666 
29-667 
29-843 
30-183 

30-115 
30-126 
29-680 
29-578} : 
29-776 

5 P.M., Gottingen = 
4b 10™ p.m., Makerstoun 

Mean Time. 

Tem.| Tem. 
of of 

Air. |Evap. 

Barom. 

at 32°. 

53-6 
46-2 
43-4 
49-1 
47-6 
53-0 

29-796 
30-097 
30-097 
29-846 
29-506 
29-538 

28-962 
29-724 
29-631 
29-851 
29-982 
29-915 

55:7 
47-4 
51-6 
43-0 
39-4 
46-6 

29-684 
29-849 
30-130 
30-100 
30-006 
29-757 

56-1 
40-1 
36-6 
38-0 
46-3 
45-9 

29-123 
29-244 
29-489 
29.280 
29-426 
29-147 

41-9 
37-9 
47-2 
53-0 
38-0 
31-3 

29-166 
29-304 
29-802 
29-672 
29-624 
28-927 

35-4 
47-2) 43- 
42-0 
53-0 
42-0 
44-3 

28-061 
28-885 
29-278 
28-850 
29-537 
29-409 

38-4 
36-3 
30:5 
52:8 
38-0 
35-0 

29-655 
29-745 
29-550 
29-288 
29-024 

29-162 

45-2 
39-0 
45:5 
49-4 
49-4 

38-2 

29-649 
29-466 
29-775 
29-532 
29-947 
30-163 

36-0 
39-5 
32-8 
35:0 
34-4 
38-0 

30-088 
30-053 
29-448 
29.687 
29.684 

27-1 
26-1 
32-0 
31-8 
30-6 

Thermo- 

meter. 

Min. Max. 

Rain 
in 

Inches. 

1-105 
267 — 

Force of 

Wind. 

Max. |Mean.* 

1S Sie Se 

* Sce Introduction for a description of the methods by which these means have been obtained. 

55 

Direction of Wind 
at the following | 
Hours, Géttingen | 

Mean Time. 

20h, 23h, gh 5h, gh, 

18, 19, 18, 16, 20] 
20, 24, 24, 18, 20 
18, 24, 0,24, 6 
ae ERI RG ee 

6, 18, 16} 
19, 20, 29, 19, 16] 

17, 18, 16, 18, 16 
19, 22, 28, 18, 20 
18, 20, 20, 19, 18 
20 20.23 4 
2 10, 0,26, — 
9, 18, 23, 18, 20] 

20, 20, 18, 20, 20 
22/24, 24, 22, 18 
28, 30, 29, 28, 28} 
22, 22, 24, 16, 181 
20, 20, 20, 18, 18} 
19, 19, 18, 20, 18 | 

20, 22, 17, 16, 16 
18, 18, 20, 20, 20 
22, 20, 18, 18, 18 
18, 16, 20, 20, 20 
20, 18, 22, 20, 26} 

23, 25, 24, 20, 20 
22, 20, 21, 24, 22 
20, 22, 18, 20, 24 
18, 20, 19, 18, 16| 
20, 20, 20, 20, 20 
20, 20, 19, 17, 20] 

pa iets 4, 2, 
31, 28, 30, 28, 28 
— 20, 21, 18, 22| 
20, 20, 20, 18, 19 
20, 16, 22, 20 
14 AG 17 18 

18, 18, 16, 15, 
18, 22, 16, 14, 
16, 14, 16, 14, 
16, 16, 16, 16, 
16,18, 18,14, 

18, 28, 18, 18, 

1& 
16 
16] 
17] 
16] 

28 

Llwol wl 

bo a 

88, 24 
16, 14, 14, 15, 
24, 24, 20, — 
90) BO e= || a] 



56 DaiLy METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1848. 

11 a.M., Gottingen = 5 P.M., Géttingen = 
Calculated = Thermo- Force of 

Daily Means.* aoe ee iis ie oe) et on meter, Wind. Direction of Wind 
H Rain at the following 

miele sl (uahlk. ail a in Hours, aatiingt 
Tem,| Tem.| ~~" Tem.,| Tem. y ° 

a ete DOeEor| (of jae nape Baro | of | of | 2U™- | Min, | Max. ieee Peet ees 
Air, |clouded.|) a *| Air. Evap.)~ 100. *| Air, eral Saal Sm el 

| Jan. | 31-8 9-9 || 29-606] 32-2 31-7 “96 || 29-573] 32-8) 31-5) 89 || 26-2) 34.0 1-2) 0-6 16, 14 

3 | 48-9 9-7 || 29-379] 48-8] 47-1| 89 || 20-334] 50-5 °47-5 81 || 34-0) 51-6 9-2} 1-4 18, 16 

4 || 44-0 3-0 || 29-585] 45-8] 44-5) 91 |] 29-472) 43-7| 41-8} 8&6 || 41-6) 47-3 9-6} 1-5 16, 16 

5 || 38-0 9-7 || 29-204] 39-2) 38-5} 95 || 29-185] 38-3] 37-9} 97 || 37-0) 40-3 10-0! 0-7 16, 18 

6 || 27-3 0-5 || 29-618} 27-8] 27-6} 98 || 29-606) 28-3) 28-4) 100 || 23.5) 32.5 0-3} 0-0 24, 16 

7 || 33-6 8-9 || 29-189] 33-8] 33-5| 98 || 29-226) 34-7) 34-3] 97 || 26-0) 32-5 2-3] 0-0 == 20 

8 || 28-0 6-2 || 29-453] 26-9] 27-2) 100 || 29-603) 30-6) 30-9} 100 || 25-5) 32-2 0-1} 0-0 = 0 

10 || 29-5 9-4 || 30-045] 29-8] 29-2) 95 || 29-991) 30-7|-----+} ------ 22-0} 32-9 1-0! 0-3 Do: 18 

11 | 30-7 4-0 || 30-248] 29-8] 29-7} 99 || 30-292) 33-0) 32-0} 91 || 25-4! 36-0 1-:7/ 0-1 24, 18 

12 || 41-8 5-9 || 30-153] 43-0) 41-5} 89 || 30-163] 42-0) 40-9) 92 || 28.2) 46.9 1-2] 0-2 21, 26 

13 || 38-3 6-0 || 30-229] 41-8] 41-0) 94 || 30-204| 37-2] 36-9) 97 || 36-6) 46-6 0:3; 0-0 24, 18 

14 || 38-3 8:5 || 29-975] 39-0] 38-7] 97 || 29-752) 39-1] 38-4) 94 || 28-6) 42.6 0-8; 0-2 16, 16 

15 || 33-0 2-2 || 29.766] 33-0] 30-8} 82 || 29-731) 34-4| 33-3} 88 || 28-8} 39.9 2-6| 0-1 17; 24 

} 17 || 31-6} 10-0 |) 29-139] 33-7| 33-4) 97 || 29-136] 31-0} 30-3} 94 || 31-9] 35-6]| -438 12-2} 0.1 16, 22 

18 || 27-0 0-8 || 29-141] 26-9] 26-6] 97 || 29-102} 28-5] 27-4] 90 || 25-0) 33-7 0-5} 0-1 16, Ly 

19 || 27-7 4-7 || 29-387) 30-5] 30-4) 99 || 29-481| 26-3) 27-2} 100 || 22-8] 36-0 1-1} 0-0 4, 18 

| 20 | 23-8 0-5 || 29-741] 23-4] 23-5) 100 || 29-818] 25-6] 25-2) 97 || 17-0] 30-0 0-1] 0-0 24, 28 

21 || 28-8 9-0 || 30-033] 28-7| 28-2) 96 || 30-007] 30-3] 30-0} 97 || 19-2) 33-0 0-1} 0-0 15, 16 

i 22 || 30-3 9-2 || 29-889] 31-5] 31-1} 97 || 29-808) 30-6} 30-5} 99 || 21-8) 33-0 0-5] 0-6 14, 16 

24 || 27-6 6-7 || 30-367| 25-9] 25-9] 100 || 30-361] 30-8] 30-8] 100 || 21-2) 33-2) ——sii--.--- 0-0 24, Z 

25 | 22-7 1-7 || 30-384] 21-7) 22-0} 100 |) 30-311] 25-1] 25-4) 100 || 18-2) 30-1]} — i... ---- 0-0 Dee. 16 

26 | 32-8 8-4 || 30-147) 33-0) 31-8} 90 || 30-069] 34-0] 32-3} 85 || 18-2)36-6]) —__ i.----- 0-3 4, 8 

27 || 32-2) 7-0 || 30-081] 34-2) 34-3] 100 || 30-076] 31-7) 31-4) 97 || 28-2)36.2]} —— ji.-..-- 0-5 10, 12 

28 || 24-6 8-5 || 29-775] 27-1] 25-9) 88 || 29-612) 23-6) 23-5} 99 |...... 28-8]} Jee wee 2-0 8, 10 

29 18-8 9-5 || 29-735} 9-9} 10-0] 100 || 29-548] 29-1] 28-4) 93 1-0) 30-0)) sje «ee - 0-3 20, 14 

| 
| 

} Bl) 26-7 0-5 || 29-050} 27-1] 27-6) 100 || 29-137] 27-7 26-6 89 || 15-2] 32-4) -520 |) 0.1|-.---. 10, 28 

| Feb. 1 || 34-0 4-7 || 29-465] 34-2) 34-1) 99 || 29-527) 37-9 36-5 88 || 18-2) 40-4), —fi-- eee 0-6 Bids 22 

2 || 34:8 6-2 || 29-831] 36-9] 36-3} 95 || 29-859) 36-8 36-3 95 || 31-8) 43-2] — je - =e 0-2 — 20 

3 || 39-5} 10-0 || 29-806) 40-0) 38-9} 92 || 29-659] 43-1 41.3 87 || 34-2) 44-7]) — jee 3-0 20, .. 20 

4 || 44-8} 10-0 || 29-540] 46-5) 45-6) 93 || 29-529] 47-2 47.0 98 || 42-0) 50-0 14-2} 2-0 22, 20 ' 

| 5 | 45-0 9-0 || 29-550] 52-5) 50-7} + 89 || 29-619) 41-6 41-6 100 || 45-3) 54-6]) -042 || 2.9] 1-0 20, 6 

7 || 40-7| 10-0 || 29-584! 39-8] 39-7| 99 || 29-505] 45-6] 45-6} 100 || 36-8] 46-9]] -828 || 0-4] 0-0 30, 22 

8 || 40-4! 10-0 || 29-462) 39-6) 39-3) 98 || 29-198] 45-3] 44-7] 96 || 32.2] 47-4]) -176 || 2-0) 0-7 — 18 

9 || 41-8 9-7 || 28-438] 45.0) 44-3) 95 || 28-316} 42-6} 42-0) 96 || 42.5] 52-0 2:3| 0-1 24, 22 

10 || 38-1 7-0 || 28-391] 41-3] 38-9} 82 || 28-423] 39-0] 37-2} 86 |] 36-8] 44-1]| -540]) 3-0] 1-1 18, 20 

11 || 39-8 6-4 || 28-916) 39-3} 38-6} 95 || 29-081] 44-4) 40-9) 7 27-5) 46-6 0-8} 0-2 20, 22 

12 || 40-3 9-4 || 29-378) 39-5) 38-3} 91 || 29-173) 45-2) 44-2) 93 |] 31-0) 46-2 8-8} 3-9 18, 18 

14 || 41-4 8-5 || 29-338) 43-8) 41-3} 82 || 29-335] 42-9) 40-5) 83 || 39.2) 47-8) -186]| 8-5] 2-0 18, 206 

15 || 34-9 9-9 || 29-254] 39-2) 39-1} 99 || 29-189] 34-6) 34-3} 98 || 33-2) 45-6 1-5} 0-0 14, 18 

16 || 35-2} 10-0 || 29-513) 37-5] 34-9) 79 || 29-698) 36-9) 35-9} 91 || 31-6) 39-0)| -320]) 2-2) 0-7 26, 30 

7p Nl Beri 4:6 || 30-195] 32-6) 31-8] 93 || 30-221] 36-9) 35-1) 85 || 27-2) 37-3 1-2} 0-1 28, 2; 

18 || 35-0) 10-0 || 30-128) 35-2) 34-0} 89 || 29-717) 38-9) 36-3) 80 |] 23-0) 40-2 3-4| 1-6 20, 18 

19 || 41-9 8-5 || 29-309] 44-6} 41-9} 81 |] 29-205) 43-3) 40-9) 83 || 34-8] 46-3]) -045]| 6-0} 0-7 20, 18 

Ze NOGA 9-0 || 29-466) 37-5] 34-3} 74 || 29-343] 38-0] 36-3) 86 || 29-8] 42.3 1-6} 0:3 25, 20 

22 || 38-2 5-2 || 28-818] 37-5) 37-3} 98 || 28-566] 43-0) 39-5} 76 || 30-0) 49-3] -196 || 4-5! 1-6 16, 22 

23 || 40-9 2-5. || 28-478] 44-3) 40-9) 77 || 28-673] 41-6] 39-2) $2 ||.-..-. 46-9] -130|| 8-2} 2-7 24, 26 

24 || 32-1) 10-0 || 28-877) 36-0) 34-9} 91 || 28-851] 32-2) 32-5) 100 |/-..--- 37-3 2:9| 0-0 — 4 

25 || 42-2 7:5 || 28-497] 43-3) 43-3} 100 |] 28-581) 45-2) 44-3} 94 |] 31-2) 51-0! -810] 1-7] 0-4 19, 20 

26 || 37-8} 10-0 || 28-550} 41-5} 41-5} 100. || 28-749) 38-2) 38-0} 99 || 33-0! 43-1! -070)) 1-3! 0-6 4, 1 

28 || 40-8 5:5 || 28-657| 46-1) 42-6} 77 || 28-758] 39-6) 38-8) 94 || 38-0) 50-2/| -802)) 5-7| 1-1 22) 20 

29 || 38-9 8-0 || 28-785] 40-3! 39-1! 91 || 28-753! 41-6) 39-8] 87 || 34-8) 46-71) -135 |! 3-0! 0-6 18, 18 

* See Introduction for a description of the methods by which these means have been obtained. 



DAILY METEOROLOGICAL OBSERVATIONS DURING MArcH AND APRIL, 1848. 57 

11 a.M., Gittingen = 5 P.M., Gottingen = 
10 10™ a.m., Makerstoun |} 4% 10™ p.m., Makerstoun 

Mean Time. Mean Time. 

Calculated 
Daily Means.* 

Force of 

Wind. Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. Tem. Tem.| Tem. ; Tem.| Tem. 
of ky of | of : of | of Min. | Max. 
ir, (Clouded. Air. |Evap. : Air. |Evap. 

28.563) 40-0| 38- 28-639] 38-7 
29-068 39-9) 38-: 29.304] 39-0 
29.803) 39-3) 36: 29-830] 39:3 
29.854! 38-2| 36- 29-750] 42-3 mob — 

29-663) 37-9) 37- 29-581) 39-0 
29-723) 39-8} 39. 29-820] 42-6 
29-768} 42-8] 41: 29-825) 48-9 
29-611} 49-8) 47- 29-534) 49-4 
28-996) 38-8} 38- 29-001) 42-4 
28-326] 41-5) 39-$ 28-286) 35-6 me OO OND 

29-179) 39-7) 39- 29-300] 41-7 
29-606} 40-5] 38- 29-640] 43-9 
29-350} 43-6} 40- 29-253] 45:3 
29-536] 43-8) 40- 29-529) 40-5 
29-396) 38-2) 38- 29-420} 39-2 
29-338] 41-0) 39-¢ 29-196} 40-2 

28-632) 39-7) 37: 28-601} 40-9 
28-832) 35-3] 35- 28-944) 39-2 
29-294) 39-5] 36- 29.249) 44-6 
29-078) 49-0} 46- 29-211) 47-6 
29-781) 46-8 41- 29-878] 49-2 
29-947) 43-7) 41- 29-824) 49-0 

29-542) 40-3) 39- 29-500) 46-5 
29-429] 43-1] 43- 29-518} 45-2 
29-603) 44-0) 42- 29-518) 48-1 
29-466) 51-0! 46- 29-483) 55-6 
29-735) 51-0} 46- 29-750} 51-0 
29-794) 50-8} 44- 29-763) 57-2 

29-718) 59-6} 55. 29-672) 62-9 
29-726) 53-6] 47- 29-658} 52:7 
29-573] 47-0} 42; 29-479) 43-1 
29-520} 42-0} 39- 29-508) 41-2 
29-429] 38-2) 35- 29-320) 40-6 
29-446} 40-6) 35- 29-468) 42-3 

29-202) 42-3) 37- 29-168} 40-9} 36-9 
29-447) 39-0) 36- 29-426 
29-178) 42-8} 40: 29-200 
29-427) 43-2) 37- 29-421 
29-620) 44-4) 38- 29-744 
29-732) 46-0) 41- 29-658 

29-246) 52-5) 49- 29-241 
29-284) 52-0! 47- 29-175 

| 29-096) 44-5) 44- ‘ 29-084 
| 29-322) 43.8) 43. 9 || 29-369 
29-435) 46-0} 45- 29-486 
29-567] 46-3] 46- 29-596 

29-762) 46-0] 41. 29-751 
29-707] 47-4| 43- | 29-695 
29-704| 42-3! 37- | 29-684 
29-550] 43-8) 38- 34 || 29.424 
29-300} 41-0) 38: | 29-379 
29-663) 44-7| 40- 29-692 

* See Introduction for a description of the methods by which these means have been cbtained. 



58 DaiLy METEOROLOGICAL OBSERVATIONS DURING May AND JuNE, 1848. 

11 A.M., Gottingen = 5 P.M., Gottingen = 
Caleulated |! 19s 10m A.m., Makerstoun || 4» 10™ p.t., Makerstoun || Termo- te | ee 

Mean (ane! Meni fae. meter. Wind. Direction of Wind 
at the following 

zi Hours, Gottingen 

Tem. Tem, Tem. : Rel. Mean Time. 

of Mf of ’ of ‘|| Min, | Max. Max.|Mean.” 
, Air. | : Air. ; 

Daily Means.* 

50-2| 44: 29.878] 59-2 
53-4] 47- 29.833] 58-6 
61-0|54-5| 66 || 29-789 
64-5) 59: 29-895 
67-1| 58: 29-861 
54-7| 49-0] 67 || 29-810 

53-7| 49- 29-795 
5) 29-947 

30-011 
29-932 
29-897] 6 
29-885 

29-447 
29-162 
29-057 
29-085 
29-390 
29-789 

30-084 
30-092 
30:053 
29-973 
29.874 
29-865) 6 

_— 

ASAT A 

29-710 
29-850 
29-388 
29-291 
29-023 
29-041 

29-338 
29.416 
29:404 
29-393 
29-412 
29-368 

29-525] 5 
29-095 
29-537 
29-703 
29-730 
29-649 

29-959 
29-884 
29-797 
29-748 
29-635 
29-325 

29:707 
29-287 
29-321 
29-273 
29-252 

* See Introduction for a description of the methods by which these means have been obtained. 



Civil Day. . 

Daity METEOROLOGICAL OBSERVATIONS DURING JULY AND AuGuST, 1848. . 

Calculated 
Daily Means.* 

° 

48-4) 7-0 

54-1] 5-5 
54-2) 5-5 
58-9} 5-0 
59-5) 10-0 

60-9} 8-5 

54-4; 9-0 

56:0| 8-7 
65-4 9.9 

70-4) 4-2 
70-2) 7-0 

56-0} 9-9 
61-6) 6-5 

Brel| 9:0 
57-2| 89 

57.0) 10-0 

57-4| 8-7 
51-4) 7-0 

56:5, 9-9 

56-3] 9:5 
56-4, 85 

Bifel| 7-0 
54.9) 5-5 

Biel| 929 
56-6} 6-2 

57-7| 3-5 
56-0] 9-9 

55-0] 9-2 
59.5) 6:2 

52.44 7-5 

53-9| 6-4 

54.7, 4-2 

53-0} 9-9 

51-4) 9-9 

51-5, 9-9 
52-3) 9-5 

55-6] 3-2 

49-6} 3-0 

51-0} 9-9 

53-3] 9-9 
52-8) 8-0 
53-8] 6-5 
53-1] 6-0 

47-0} 10-0 

47-6} 9-9 
47-8} 7-5 

51-1} 6-2 
52-4, 4-0 

54:8} 10-0 

55:8} 6-0 

54-7| 5-7 
53-7| 6-0 
50-6] 6-0 

11 a.M., Gottingen = 
10% 10™ a.m., Makerstoun 

Mean Time. 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

The 
me 

rmo- 

ter. 

Tem.| Tem. 
Barom. of of 

at 32°, Air, Evap. 

29-424) 53-8] 46:5 

29-449} 55-9} 50-0 
29-681) 56-2) 49-5 
29-932) 59-8] 53-3 
29-776) 64-0) 60-3 

29-510) 66-1) 61-9 
29-449} 56-4) 52-9 

29-886} 62-3) 56-4 
30-151) 69-2| 63-1 
30-236} 72-2) 64-4 
30-243] 72-9) 65-3 
30-150) 62-0) 57-7 
30-096} 64-4) 58-4 

29-922) 60-5] 55:5 
29-725] 61-0] 55-2 
29-141} 59-8) 57-9 
28-794) 60-8} 57-2 
29-233) 55-4/ 50-8 
29-376) 61-5] 57-6 

29-482) 60-3) 54-3 
29-271} 62-1] 58-0 
29-332) 60-6] 54-2 
29-240} 58-4) 52-5 
29-683} 60-0) 54:5 
29-860! 59-0! 54-4 

29-186) 62-1) 56-4 
29-063} 62-6] 51-4 
29-485} 60-0) 55-2 
29-485) 57-5) 51-2 
29-387) 56-6) 52-3 
29-223) 57-7| 53-1 

29-558) 58-5) 52-5 
29-620} 62-3) 56-4 

29-530) 58-8] 54-2 

29-669) 59-5] 54-0 
29-8)3| 56-6) 51-7 
29-780) 57-7| 52-5 

29-824] 54-2) 48-3 
29-793} 56-6] 50-2 
29-687| 58-7} 53-1 
29-432) 55-9) 54-4 
29-769] 57-9) 52-5 
29-209] 58-2) 53-5 

29-232) 54-4] 51-1 
29-156 51-4 50-3 
29-384) 48-5 
29-621) 56-1) 51-8 
29-762) 55-4) 51-3 
29-406) 56-9) 55-2 

29-326] 60-6] 56-8 
29-558} 59-8) 54-2 
29-658) 57-4) 53-1 
29-911] 55-1] 51-3 

Rel. 

Hum, 
Satur. 
= 1005 

r Rel. 

Barom. en epay Hum. 
ati32°. : Satur. 

Air. — 100. 

29-469) 60-3/ 51-2) 54 
29-773] 60-3) 52-0} 57 
29-892) 66-0) 55-2) 50 
29-774) 63-0) 59-6} 82 
29-434) 63-8) 60-9) §&5 
29-474) 60-4) 54-9} 71 

30-024) 57-8) 53-3} 75 
30-146] 69-6) 64-0) 74 
30-223) 76-6} 67-1} 61 
30-160) 75-6| 68-6} 70 
30-117] 58-0} 54-9) 83 
30-029) 66-9) 58-2) 359 

29-871] 61-8 
29-618] 61-4 
29.001} 62-2 
28-718] 62-1 
29-255) 55-4 
29-392) 59-5 Or OY cr Or Gr cr WWOGAD 2 a i oo On| 

(ea) bow f 

29-476) 60-3 
29-218] 58-8 
29-292) 61-6 
29-344) 59.4 
29-741) 62-2 
29-802) 62-2 sj DB co o1 co cr Or cr or Or Gi Gr 

S 2G2Owo 1 

fon a 

29-148] 61-4] 56. 
29-137| 59-3) 56-7| 86 
29-533! 59-8) 52-2) 61 
29-437] 57-3) 52-2) 72 
29-360] 58-0) 53-1) 73 
29-123) 59-9) 55-0) 74 

29-598) 60-8} 56-0} 75 
29-586) 53-5] 52-3) 92 

29-549) 53-9) 52-3} 90 

29-689} 53-4| 52-8) 96 
29-798) 57-8] 52-9) 73 
29-734] 63-4) 55-7) 63 

29-756] 54-8] 48-3} 63 
29-780) 55:9| 49-4) 64 
29-656] 57-8] 53-8} 78 
29-496) 59-5) 51-3) 58 
29-653) 59-5) 54-1) 71 
29-274) 57-8] 52-5} 72 

29-052) 49-5) 48-9} 96 
29-157) 53-7/51-0| 84 
29-435] 57-0) 51-3) 69 
29-668) 56-0) 51-9} 77 
29-714) 59-3) 53-2) 68 
29-294) 62-5) 60-8} 91 

29-421] 60-8] 54:7| 69 
29-532) 59-4| 53-5} 69 
29-680] 59-8) 53-7! 68 
29-906] 55-9} 49-6! 64 

Min. Max. 

D co bo 

_“_ 

63-8 
64-7 

64-0 
63-7 
63-0 
62-6, 

-112 

-125 

443 

-180 

270 

-010 

-287 
-010 
-022 

Force of 

Wind. 

Max.|Mean.** 

Ow amet 

Qe 2S 

* See Introduction for a description of the methods by which these means have been obtained. 

59 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 



60 DaiLy METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OcTOBER, 1848. 

eg Ce Gi ie ia eee au toa die eaten ents eee aa ie Payee pe 
Daily Means.* Nisan Tere: | Wea Tinie meters. Wind. Direction of Wind 

Ls Rain at the following 
Civil Day. C calt salen Hours, Gottingen 

: Tem. Tem.| Tem.| Rel. Tem.| Tem.| Fel. niches Mean Time. 

| oF | SH. | Bam ot | ot | Ham arom ot | at | Hm | an, ata. ["°**™ aan, ean Kin. uded. : | Air, |Evap 500. Air. |Evap — 100. 238, sh, 

Sept. 1 52-2) 9-9 |] 29-996] 57-1] 53-1) 77 | 29-918] 57-4|54.2| 82 | 31.9] 63-3 0-8| 0-5 || 24, 21 
55-9} 6-0 || 30-035] 61-5] 56-2| 73 || 30-040) 60-4) 54-8) 70 || 45-1) 64-6 1:6} 0-6 22, 22 

4 57-5} 0-6 || 29-821) 59-6| 54-4) 72 || 29-755) 65-5| 56-9) 59 || 46-7| 66-7 1-6| 0-7 20, 18 
5 || 61-4) 7-0 | 29-478] 63-1] 57-9| 74 || 29-409) 69-7) 62-8) 69 || 37-0) 73-8 0-6| 0-2 18, 16 
6 || 54-4; 9-0 || 29-334] 59-5) 56-0} 81 || 29-453) 59-3) 54-8) 76 || 49-0) 64-2) -126 || 3-8} 2-2 18, 20 
7 || 52-8] 10-0 || 29-577) 57-3) 55-2| 88 || 29-601) 58-3] 55-2) §3 || 52-2)--.--- 2-9) 1-5 20, 20 
8 || 52-7| 7-0 || 29-415] 58-5| 56-5} 89 || 29-331] 56-9) 52-2) 74 || 52-8) 63-1] .038 || 2-5} 2.0 18, 18 
9 ||\51-0) 8-4 || 29-433] 54-1] 50-1] 77 || 29-380) 58-0) 53-6] 76 || 45-0) 59-9] -035 || 3-0) 1-2 20, 18 

11 || 45-3} 4-0 || 29-816) 49-7| 44-5) 68 | 29-899/ 51-0) 44-1) 58 || 32-0) 54-9) .015 || 2-3] 0.8 30, 30 
12 || 44-6) 4-0 || 30-084) 47-0) 41-6) 64 || 30-093) 52.3) 45-3) 59 || 31-0) 55-0 0-9} 0-1 30, 28 
13 || 47-0) 10-0 |] 80-038] 50-0) 45-8} 73 || 29-910) 54-0) 48-7) 69 || 33-6) 57-9 1-4} 0-5 18, 20 
14 || 50-7; 5-5 || 30-005) 55-7| 48-8) 61 || 30-031) 55-8) 50-0} 67 || 37-3) 59-4 1-2! 0-2 28, 30 
15 /51-2) 1-1 |) 30-143] 53-7/51-1| 84 || 30-088 58-8) 54-4) 76 || 28-7) 61-5 I-11} 0-2 21, 18 
16 ||56-4| 9-0 || 30-081) 61-8) 59-1; 86 || 30-062) 61-1|56-5) 76 || 51-2] 67-0 2-1) 0-4 19; 17 

18 || 48-5) 4-7 || 30-072) 50-6] 47-3) 79 || 29-959) 56-4/ 50-3) 66 || 31-0) 61-0 0-9} 0-0 = 20 
19 || 51-8) 1-2 |] 29-613) 53-7| 49-9} 78 |) 29-460) 60-0) 54-2) 70 || 30-2| 62-6 1-6} 0-4 18, 18 
20 || 52-0) 8-0 |) 29-384) 60-2) 53-6} 66 || 29-429) 53-9) 53-3] 96 || 42-0) 66-1 1-4} 0-7 18, 20 
21 |/50-3} 1-5 || 29-627] 53-2) 51-1) 87 || 29-609) 57-5} 51-5} 68 || 34-8] 62-6) -215 || 0-5) 0-2 6, 8 
22 || 53-0) 9-7 || 29-629) 57-2) 54-6) 85 || 29-633) 58-8) 56-9} 89 | 43-0) 65-0 0-4} 0-1 2, 4 
23 ||51-7| 2-5 || 29-505) 55-9} 54-9} 94 || 29-377| 57-6| 54-5) 83 |) 44-2) 65-4 0:9; 0-2 6, 12 

25 1147-7) 9-9 | 29-421) 52-2) 51-9) 98 || 29-418] 53-2) 50-3) 82 || 49-1) 56-0) -415 || 4:7] 0-6 6, 4 
26 |/49-9| 9-7 || 29-558) 55-4) 52-9) 85 || 29-597) 54-5) 51-8} 84 || 49-0) 59-4 || 0-6| 0-3 5, 4 
27 || 46-4) 10-0 || 29.691] 51-2} 49-0) 86 || 29-698] 51-6) 48-0} 78 || 48-2) 54-0 0-8| 0-4 2, 2 
28 || 44-8) 10-0 || 29-812] 50-0] 50-1) 100 || 29-843) 49-6) 47-8) 88 || 48-2) 52-6 2-6] 1-6 2, 2 
29 || 47-0) 10-0 |) 29-666) 50-3] 48-6} 89 || 29-596) 53-8] 52-6) 92 || 44-8) 54-8] -113 |] 2-3} 0-4 ite 2 
30 || 48-7; 10-0 |) 29-540) 53-8] 52-8] 94 | 29-438] 53-7| 53-7) 100 || 50-0) 55-0) -225 || 0-6| 0-3 2, 2 

Oct. 2 || 51-8) 9-9 || 29-402) 53-8) 51-7| 87 || 29-360) 55-1] 51-7) 80 || 42-5) 61-0) -240 |] 0-7| 0-0 2, 14 
3 |/53-2) 1-7 || 29-397) 56-1) 51-8) 76 | 29-417] 55-5) 50-7) 73 || 46-2) 61-8) -083 || 0-5) 0-5 16, 16 
4 || 54-9) 10-0 || 29-251|59-1) 58-6) 97 | 29-377| 56-0) 53-5) 86 || 46-0) 64-1 2:7| 0:8 18, 20 
5 || 57:5} 9-9 || 29-642) 60-8) 58-2) 86 || 29-661) 59-5) 59-2) 98 || 51-0) 64-0) -416 || 1-4] 0-5 20, 20 
6 || 56-7; 5-0 || 29-638) 60-0| 56-0) 79 || 29-789) 58-6) 53-0) 70 || 53-8) 63.0 4:3| 2-2 22, 20 
7 ||56-0| 4-2 || 29-819] 55-4| 53-3} 88 || 29-800/ 61-9) 58-9} 84 || 39-8) 65.4 0-4) 0-1 == 22 

9 || 51-7) 9-8 || 29-502| 55-0) 50-5} 75 || 29-345] 53-6] 50-7} 83 || 45-6) 57-3) -045 || 2-3} 0-6 18, 22 
10 || 49-3} 5-7 || 29-428) 52-5) 49-5) 82 || 29-586] 51-4) 48-6] 83 || 42-0) 55-4 3-4) Il 30, 0 
IL {47-5} 9-4 || 29-772) 50-7|46-7| 75 || 29-772) 49-5) 45-7| 76 || 44-0) 53-5) -075 || 1-1] 0-2 0 30 
12 || 45-9! 10-0 || 29-837| 48-0|45-8|} 85 || 29-773] 49-0) 46-3) 82 | 38-0) 53-6 0-4} O-1 4, 4 
13 ||/45-8) 5-5 | 30-100) 51-0) 47-9} 81 || 30-122) 45-8) 44-8) 92 || 35-8] 53-9) -176 || 0-7| 0-2 8, 4 
14 || 46-5} 5-7 || 30-141) 50-2/ 45-3) 69 || 30-095) 48-0) 44-1) 74 || 41-0) 54-0 1-4} 0-7 2, 1 

16 || 43-3) 10-0 || 29-748) 46.4) 44.5} 87 || 29-731) 45-4] 42-5) 80 || 43-8) 49-4) -596 || 1-4} 0-5 A, 1 
17 || 36-2) 4-5 || 29-850) 41-0) 36-3) 65 || 29-807) 36-6) 32-3) 66 || 36-5) 42-7] -134]| 3-5] 1-5 31, 0 
18 || 32-1) 6-0 |) 29-673) 33-8) 32-5) 89 || 29-663) 35-6) 32-6) 75 || 30-0) 39-4) -190 |) 4-2} 1-6 0, 0 
19 || 35-0) 5-0 || 29-744) 39-0) 38-0| 92 || 29-772) 36-2) 34-5) 85 | 30-0) 43-0] -284 || 3-9] 0-1 iG 0 
20 || 35-1) 4-5 || 29-895] 33-7| 31-8! 84 || 29-862) 41-7/ 38-6] 76 || 22-0) 43-6 0-3} 0-0 16, 8 
21 || 40-6) 8-4 | 29-747) 40-7/ 39-1] 88 || 29-678] 45-8) 44-1; 88 || 27-2) 50-0) -056|| 0-2; 0-0 16, 8 

23 || 43-2) 5-0 || 29-278) 45-2) 43.3) 87 || 29-260) 46-4; 44-5) 87 || 34-2) 52-0 1-5} 0-1 20, 14 
24 |\44.9' 5-0 | 28-961! 48-0] 44-8} 79 || 29-093) 47-0) 44-9) 86 || 37-1] 52-0) -580|| 2-4] 0-4 20, 20 
25 || 40-3| 9-7 || 29-131| 41-0|40-4| 96 || 29-171| 44-8) 42.9 87 || 31-0) 48-3 0-4} 0-1 i, 26 
26 |} 44-1) 8-5 || 29-510) 45-7) 44-3) 90 || 29-526] 47-7| 45-3) 84 || 30-1] 53-2 1-0} 0-1 ie 16 
27 || 47-5) 10-0 || 29-213) 50-3] 48-3) 87 || 28-985] 50-0) 49-6; 98 || 34-0) 53-8) -105 || 2-2) 0-6 14, 2 
28 ||45-5} 6:0 || 29-006| 49-0) 45-8} 80 || 29-017] 47-1) 43-5) 77 || 35-0) 52-5|| -122 || 1-7} 0-4 16, 16 

|| 37-5} 9-0 || 29-301) 37-3] 37-6] 100 || 29-388) 42-9, 42-6] 98 || 29-6) 44.4 0-2} 0-0 19, 6 
37-9} 10-0 || 29-414] 41-3] 41-3) 100 || 29-424; 39-71 39-4) 98 || 39-5) 42-8]] -4701| 1-2] 0-5 i, 2 

* See Introduction for a description of the methods by which these means have been obtained. 



Dairy METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DECEMBER, 1848. 61 

Calculated 11 a.M., Gottingen = 5 P.M., Gottingen = Thermo- Force of 
Daily Means,.* ae i Fea ae aa ae ae oe meter, Wind. Direction of Wind 

= Rain Hours, Gbttingen Civil Day. re Tem, Tem.| Rel. i Mem.| ‘Tem Bel rier Mean Time. 

. a argo" | Of [OF | accu | ar age | f [of | Sarum, || Mim.) Max ny Air. Air, |Evap — 100. Air. Evap.— 100. 23, Bs 

Nov. 1 || 39-5} 9-9 || 29-393) 40-0 39-3 95 || 29-345] 41-0) 37-4) 74 38-0 46-2 -580 || 0-7) 0-2 25, 20 
2 ||42-5) 7-9 || 29-465] 43-5} 40-9] 81 || 29-419) 43-6) 40-8} 80 || 31-7) 49.6 0-4] 0-2 24, 22 

3 || 34-6} 10-0 || 29-358] 36-2! 35-8] 97 || 29-455] 35-0) 33-9} 91 || 29-8) 40-0/1-060 || 3-0} 1-8 0, 0 

4 1130-7} 5-5 || 29-499] 31-0] 30-7) 97 || 29-511) 32-4!) 32-3) 99 || 27-2) 36-4] -015 |] 2-6] 0-5 30, 2 

6 || 43-1] 4-5 |) 29-208) 45-8} 41-9} 74 || 29-090) 42-5) 38-9} 74 || 35-0) 49.2 1-9} 0-8 20, 24. 

7 || 36-4| 4-0 || 29-326] 37-3] 35-3] 84 || 29-482) 37-6) 33-7) 69 || 32-7) 44.0 1-7} 0-5 28, 30 

8 || 34-7) 9-2 || 29-877] 36-2) 33-1] 74 || 29-870] 35-2) 31-9} 74 || 28-0} 38.1 0-6] 0-2 30, 28 

9 || 35-3} 8-5 || 30-204/ 36-7| 34-3} 79 || 30-215] 36-0] 33-2} 76 || 26-8] 40-2 0-9| 0-1 28, 30 
10 || 38-1} 7-5 || 30-248) 37-8) 36-5} 89 || 30-283] 40.4) 38-9) 88 || 24.2) 45.0 0-4; 0-0 24, 23) 

11 || 41-5) 10-0 || 30-322) 42-0) 40-0} 85 || 30-302) 43-0] 40-6) 82 || 31-4) 45-2 0-6| 0-2 5 30 

13 ||39-4| 8-5 || 30-263] 37-2) 35-3) 84 || 30-154) 43-6! 41-4] 84 || 22.0] 44.4 0-7| O-1 23, 20 

14 || 37-6} 5-5 || 30-160) 38-3) 35-6} 78 || 30-151) 38-9} 34-9} 69 || 32-6) 43-7 1-3] 0-1 28, 24 

15 || 35-6} 5-0 || 30-258] 36-2) 35-6} 95 || 30-161) 37-0] 34-9} 82 || 28-6) 41-8 0-4) 0-1 20, 22 

16 || 43-8} 9-0 || 29-935) 46-8) 44-1} 82 || 29-956) 42-9} 41-9} 92 || 33-4] 50-0 0-6] 0-4 24, 4 

17 || 44-3} 5-0 |] 29-513) 47-2) 42-5| 69 || 29-393) 43-5] 39-9] 75 || 34-0] 49-1 2-9) 1-1 28, 20 

18 || 40-1 8:5 || 29-093) 43-8) 41.5| 84 || 29-107/ 38-5] 36-4) 84 ||.-.--- 45-2|| -075 || 4-2] 0-3 20, 20 

20 || 49-8) 10-0 || 29-002) 50-8| 49-3] 91 || 28-755] 50-8] 48-9} 89 || 34-0] 52-0 10-2} 6-8 20, 18 

21 || 42-0) 5-5 || 29-094) 44-8) 41-5} 78 || 29-204) 41-2) 40-5] 94 || 39-8] 46-2] -248]| 9-7] 1-9 19, 20 

22 || 42-9; 10-0 || 28-914) 41-2) 41-4) 100 || 28-773) 46-7) 46-0| 95 || 36-0) 47-8) -452)| 1-1] 0-4 4, 14 

23 || 35-6} 3-7 || 28-907] 35-8] 35-9} 100 || 28-967) 37-5) 37-5| 100 || 29-5} 46-0] -153 |} 1-9} 0-1 28, == 

24 || 34-6} 0-2 || 29-488) 36-2) 33-9) 81 || 29-637) 35-0) 32-8} 81 || 29-8) 40-2 0-6] 0-0 22; _ 

25 || 38-8} 10-0 || 29-687) 38-8) 36-5] 82 || 29-475] 40-8) 40-0) 94 || 24-8) 41-2) -052)| 1-5] 0.4 16, 16 

27 ||46-0} 5-7 || 29-487) 47-2) 44-4) 82 || 29-645) 46-8) 43-5} 78 || 42-0) 50-0) -092|| 3-1] 0.2 22, 24 
28 || 48-2) 8-2 || 29.443) 47-7) 47-5} 98 || 29-289) 50-7) 48-3} 85 || 41-6) 54-2 3:9} 2-4 20a 0S 
29 || 45-2) 8-0 || 29-417| 46-3) 43-6} 82 || 29-362/ 46-2/ 42-8) 77 || 43-0/ 48-8 8:0} 1-1 20, 20 
30 || 39-2! 8-0 || 29-462) 40-8) 38-3} 81 || 29-473/ 39-7| 36-8) 78 || 37-2) 42-8 2:2) 0-6 25, 20 

Dec. 1 ||41-5) 6-5 || 29-307/ 36-0/ 35-4) 95 || 29-017) 48-2) 46-7} 90 || 31-4) 42-0 1-7| 0-4 16, 14 
2 || 36-6) 7-2 || 28-707) 37-7) 35-8) 85 || 28-833) 36-7) 34-3) 80 || 31-2) 39-2) -058 | 5-2] 1-6 20, _ 

4 || 40-9) 7-5 || 28-672) 44-6)/43-1| 90 || 28-593) 38-5] 37-3) Q1 || 34-8) 46-0) -280 || 3-2] 0-2 18, 16 
5 || 36-3) 4-8 || 28-508) 38-1] 36-4) 86 || 28-690} 35-7] 34-0} 86 || 33-9] 39-8] -285 || 4-3} 0-3 _ 28, 23 
6 || 34-4) 9-2 || 28-821) 35-0) 34-3) 94 || 28-775) 35-0] 34-5| 96 || 28-5) 39-0 1:0} 0:3 22, 4 
7 || 33-1) 9-5 || 29-191] 33-3) 32-4) 92 || 29-276) 34.2) 33-5) 94 || 27-9) 36-8 0-5} 0-0 26, 24 
8 46-0} 9-4 || 29-272) 47-6) 46-9} 95 || 29-435) 45-6] 43.5) 86 || 25-5] 50-6! -360 || 3-2) 0-8 18, 20 
9 ||51-5) 10-0 || 29-600) 51-6] 50-6) 93 || 29-607! 52-7] 51-1) 90 || 43-1] 54-5) -223 || 5-5} 1.2 18, 20 

11 ||48-9| 5-7 || 29-642) 50-9] 48-3) 84 || 29-704| 48-2) 46-5) 89 || 46-1] 53-0] -015 || 4-5] 0-8 20, 20 
12 ||46-3) 10-0 || 29.783) 44-4) 43-7) 95 || 29-642) 49.5] 49.5) 100 || 38-8/ 52-0 1:7| 0-2 18, 18 
13 || 50-5) 6-0 || 29.477| 50-9) 50-7} 99 || 29-507| 51-2) 49-1} 87 || 49-0) 54-6]) -247 || 4-5] 1-0 18, 18 
14 ||46-8| 6-2 || 29-380) 49-3) 46-2) 80 || 29-249) 45.5) 43-9] 89 || 47-0} 50.2 2:3) 1-0 i, 16 
15 || 47-5} 8-0 || 29-355] 44-2) 42-3) 87 || 28-910) 52-0) 48-6} 80 || 45-8] 53-0 6:8] 1-7 13, 18 
16 || 37-3} 5-5 || 29-490) 38-8] 36-8) 84 || 29-637) 37-0} 35-3} 86 || 34-9) 41-8]) -130||11-6| 0.4 18, 15 

18 || 36-2} 6-5 || 29-520) 36-0) 34-6} 88 || 29-469) 37-7| 36-6) 91 || 34-0) 39-2 2:8} 0-4 16, 16 
19 || 39-6} 8-0 || 29-726] 39-2) 39-3} 100 || 29-846) 41-3) 39-8} 89 || 36-2) 43-8 0-9) 0-0 18, 16 
20 || 37-6} 9-9 || 30-116] 39-8) 38-6} 90 || 30-160) 36-7) 35-0} 85 || 37-8) 40-5|| -029 || 1-4} 0-6 15, 14 
21 || 27-8} 0-2 || 30-240) 29-1) 28-5) 95 || 30-212) 27.8] 27-8) 100 || 25-9) 31-5 1-2} 0-0 — —_— 
22 || 21-6} 0-0 || 30-310) 20-6] 20-6) 100 || 30-316) 23.8} 24-3) 100 || 16-0) 29-0 1-8 | -.-+-- — —_— 
23 || 34-8) 9-4 || 30-325] 34-9) 33-3) 86 || 30-242) 36-0) 34-3) 85 || 19-5/ 38-2 T | creer 14, 12 

25 || 39-8) 9-9 || 29-714) 40-7| 38-9} 86 |] 29-759] 40-2) 38-9) 90 || 33-4) 42-5 2:0} 0-4 11, 12 
26 ||45-1] 6-5 || 29-496) 44-5] 43-4) 92 || 29-344| 47-0) 46-3) 95 || 38-6) 48-5 6-3} 2-9 16, 16 
27 ||41-1) 3-1 || 29-654) 44-7) 41-9} 80 || 29-802) 38-7] 36-7} 83 || 44-0) 45-5 4:5} 1-0 21, 18 
28 || 26-6} 0-1 || 29-996) 27-4) 27-3} 99 || 30-014) 27-0) 27-3) 100 || 22-1| 31-9 0-5} 0-0 16, — 
29 || 28-4) 6-2 || 30-073) 27-0] 26-8} 98 || 30-050) 31-0) 31-0) 100 || 19-1) 32-0 0-0; 0-0 _— 2st 
30 || 33-1! 10-0 || 30.0141 33-6) 32-5] 90 |i 29-974! 33-8] 32-3} 86 || 25-0] 35-2 0-2] 0-0 4, 6 

* See Introduction for a description of the methods by which these means have been obtained. 
ft Anemometer frozen. { Found by observing smoke. 



62 DaAIty METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1849. 
/ 

11 a.M., Gottingen = 5 p.M., Gottingen = 
Cas 104 10™ a.m., Makerstoun || 45 10™ p.m., Makerstoun oe Fore = eee . 

Daily Means.* Mean Time. Mean Time. sac : bile i TEE Totontagl 

Civil Day 1. hl peels Sescall a eee = 5 ee 
é 6 Tem.|'Tem.| Bel- Tem.|Tem.| "© ean Time, 

ae 1 a a eee of of ae ey of of Pa ra Min. | Max. ss Max.|Mean.* 

Aine Oboes: "| Air. |Evap.| ~ 4 99. Be: Eee C0! 23h, BR, 

Jan. 1 31-8 9-8 || 30-091} 32:2 32-1 99 || 30-097} 32-8) 31-3) 87 || 29-9] 35-8 0-4! 0-0 t24, 10 

2 || 22.8) 2.0 || 29-964] 25-8} 26-1] 100 || 29-795] 21-2) 20-7; 94 || 19-9| 27-0 1-8) 0-6 16, 15 
3 || 14-1 0:0 || 29-668] 13-3] 13-4] 100 || 29-635] 16-3] 16-6) 100 8-2) 20-8 T | cceees +20, —_ 

4 || 28-6] 9-9 || 29-717] 28-4] 28-4) 100 || 29-702) 30-3) 30-6) 100 || 11-0) 32.4 ft o| cee 20, 4 

5 || 31-8] 9-7 || 29-739] 32-5] 32-7} 100 || 29-772) 32-6] 31-7} 93 || 23-0) 36-2 Tojo 4, 31 

6 || 28-2! 8-0 |] 29-850) 25-9) 25-7) 98 |) 29-779) 32-0) 32-1} 100 || 18.2) 34.8 To | cree as 20 

8 || 34-8} 10-0 || 29-315] 35-2) 34-5) 94 || 29-281) 35-8) 35.5] 97 || 26.2) 37-2 t 0-1 liz: 17 
9 || 35-9} 1-0 || 29-231] 38-0] 36-9} 91 || 29-208] 35-2) 34-5) 94 || 32-4) 41-2 aI 0-1 22, 20 

10 || 38-9] 10-0 || 28-313] 41-0) 40-5} 96 || 28-488) 38-2) 37-0} 91 || 30-7) 46-0 if 0-2 18, 28 
11 | 31-3} 10-0 |] 29-349) 32-0) 31-9) 99 || 29-668) 32-0} 31-3} 94 || 31-6) 34-0) -690 || + 0:2 2, — 

12 || 33-5] 10-2 || 29-618] 34-7] 33-7] 91 || 29-333) 33-8) 34-1) 100 || 26.0) 40.0 aT 0-8 20, 18 

13 ||42-7| 7-5 || 29-258] 42-3} 41-4] 94 || 29-187] 44-5) 43-3) 92 || 37.2) 45-8)! -053 || 0-5] 0-6 20, 18 

15 || 42.2) 9.7 || 29.446] 42-2) 40-1] 84 || 29-451] 43-6) 40-3) 77 || 33-3] 46-0 3-0} 1-1 20, 20 
16 || 41-0] 9-9 || 29-543] 42-4) 40-9} 89 || 29-406] 41-0) 40-1]| 93 || 37-9) 45.2 3-3} 0-4 22, 20 

17 || 42-1] 8-5 |} 29-225] 45-0] 41-8] 78 || 29-464 40-6) 37-5) 77 || 37-8] 45-8]| -144 || 2-6] 0.2 26, 20 

18 || 47-2} 10-0 |] 29-221] 48-4146-0} 85 || 29-225] 47-5] 46-8} 95 || 32-0] 50-2 8-0} 5-9 20, 18 
19 || 43-1 9-0 || 29-528] 43-8] 41-3} 82 || 29-584| 43-8) 41-1} 81 || 38-4/ 48-0 3:8| 0-3 19, 18 

20 || 33-1 5-5 || 29-936] 30-6] 30-4) 98 || 29-906] 37-0] 36-9} 99 || 25.8) 37-2)| -072 || 0-4] 0-1 20, 18 

22 || 43-9] 8-0 || 29-402) 41-0} 38-0} 77 || 29-487] 48-3} 46-8) 90 || 33-5) 44-5|| -628 || 7-4] 2-3 23, 20 
23 || 48-8] 6-5 || 29.684] 50-0] 47-2} 82 || 29-787] 49-0) 45-5) 77 || 34-9] 51-9 8-9} 4-8 26, 20 

24 || 48-9} 9-9 || 29-624) 50-0) 46-8) 80 || 29-519] 49-2) 46-9) 85 || 47-2) 52-0 7:3| 2-9 20, 22, 
25 || 46-7] 10-0 |] 29-368] 48-8) 47-8} 93 || 29-334] 46-1] 44-2) 88 || 46-8) 51-7 6-7\ 1-4 20,, “20 

26 || 36-8! 6-0 || 29-231] 37-3] 36-9] 97 || 29-222) 37-8) 37-8) 100 || 34-2) 41-5|) -342 || 4-7] 2-5 20, 20 

27 || 34-9) 10-0 || 29-568] 33-8] 33-6] 98 || 29-378] 37-5] 36-7| 93 || 28-8) 39-3]| -084 | 3-5} 0-0 20, 14 

29 || 34:0) 6-0 || 29-768] 35-5] 31-3] 67 || 29-846) 33-9) 31-9} 82 || 30-5) 38-3]| -700|| 4-5} 0-2 Ue 6 
30 || 39-3] 9-7 || 29-546] 35-4] 34-3} 91 |) 29-347| 44-6) 43-6) 93 || 27-0) 47.2 2-8| 0-7 18, 24 

31 || 38-1 1-1 || 29-795] 39-7] 36-3} 74 || 29-893] 38-0) 35-5) 80 |) 32-1} 43-0)| -062 || 2-3} 0-4 20, 18 
Feb. 1 || 30-2} 9-7 || 29-928] 29-6] 29-4) 98 || 29-967| 34-9) 34-0] 92 |] 24-0) 37-4 0-3} 0-0 —_ — 

2 ||43-0] 9-7 |} 29-962) 44-0) 43-1] 93 || 29-924] 46-0} 45-3) 95 || 34-0} 48-8 1-6} 0-6 20, 22 

3 || 45-1} 10-0 || 29-950] 47-3} 46-5] 94 || 29-943] 47-0) 46-0} 93 || 44-3) 50-7// -010 || 2-3) 0-5 21, 18 

5 || 45-5) 10-0 || 30-102] 46-6) 44-3} 84 || 30-094) 48-5) 46-5) 87 || 43-8) 52-1 1-8} 0-3 18, 20 

6 || 42-8) 9-7 || 30-090] 45-7) 43-1] 82 || 30-042) 44-0) 42-3) 88 || 40-6] 46-7 2-4| 0-7 22, 20 

7 ||43-7| 9-7 || 29-980] 45-8} 43-5} 84 || 29-842) 45-5) 42-5) 79 || 40-0} 49-0 2-3} 0-7 24, 20 
8 140-2} 2-7 || 29-580) 44-2) 43-3} 94 |) 29-680] 40-2) 37-1} 76 || 42-5) 45.8 6-5] 0-4 24, 22 

9 || 40-5; 9-0 |] 30-000] 42-3) 40-6} 87 || 29-776|42-7| 41-3} 89 || 32-2) 45-1 3-8} 1-5 20, 20 
10 || 43-9) 5-1 || 29-821] 47-2) 42-5) 69 || 29-973) 44-7| 41-2} 75 || 42-0) 49-8) -130}} 7-2| 0-8 20, 18 

12 || 37-0} 8-2 || 30-443] 38-8) 37-6} 90 || 30-321] 39-2/ 36-9) 82 || 30-1) 43-9 1-4} 0-4 20, 18 

13 || 43-4) 7-9 || 30-172] 45-7/ 43-4) 84 || 30-238) 45-1] 40-8) 70 || 35-8) 50-1 2-:7| 0-7 18, 24 

14 ||. 41-2) 9-7 || 30-213) 41-0) 38-6} 81 || 30-009) 45-5) 42-4) 78 || 31-2) 49.7 5-5} 2-0 20, 20 
15 |} 47-0; 4-5 || 30-120] 50-3) 47-0} 79 || 30-174) 47-7| 44-5) 79 || 44-7/ 52-6 5:2) 2-4 24, 20 
16 || 40-7] 5-0 || 30-153) 42-2) 40-1) 84 || 30-088] 43-2) 41-0} 84 || 38-0) 46-7 2-6} 1-3 20, 18 

17 || 39-7) 6-0 || 30-233) 41-2) 39-1) 84 || 30-092| 42-3) 40-3} 85 || 36-8/ 49.4 4-8} 1-3 16, 20 

19 || 46-8) 7-9 || 29-284) 51-0)47-1] 76 || 29-338] 46-7| 42-7] 74 || 43-8) 53-0 10-0) 4-3 20, 26 

20 |/38-0} 9-7 || 29-417] 40-0) 38-3! 87 || 29-280) 40-1) 38-3] 86 || 34-4) 47-3 4-8| 0-6 22, 24 
21 || 35-2) 9-7 || 29-640} 37-4] 35-3] 83 || 29-421) 37-1) 36-9} 98 || 28-6) 42-6 1-8} 0-2 20, 18 
22 || 41-3) 6-9 || 29-165) 44-5/ 40-3] 71 || 29-166) 42-2) 38-3) 72 || 36-0) 45-6 6-5] 2-3 26, 28 
23 || 37-5) 8-5 || 29-610/ 38-2) 36-0} 82 || 29-556) 40-9| 30-7) 31 || 28-2) 44-9 3-5| 0-2 19, 22 

24 || 32-4) 2-1 |] 29-293) 31-7) 32-0} 100 || 29-333) 37-2) 34-6] 79 || 29-8) 41-8] -585 || 2-0] 0-6 22; 18 

26 |/ 33-1] 0-6 || 29-496} 33-8] 32-1) 85 || 29-579) 36-4) 32-7; 70 || 25-0) 38-9 0-9} 0-2 28, 30 
27 |/ 33-0) 8-5 || 29-760) 31-8} 32-1] 100 || 29-671] 38-3] 35-4| 77 || 19-8) 43-3 1-1] 0-2 20, 19 

28 || 35-1 6-0 || 29-847] 37-2] 37-3] 100 || 29-809] 37-0) 32-7| £65 || 31-3! 42-0 4:8! 1-8 20, 20 

* See Introduction for a description of the methods by which these means have been obtained. 
+ Anemometer frozen. { Found by observing smoke. 



DaIty METEOROLOGICAL OBSERVATIONS DURING MARCH AND APRIL, 1849. 63 

11 A.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Calculated 
Daily Means.* 

} Rel. 

Neen Otc 

IS cn uh STIAAIGD 

5 P.M., Gottingen = 
45 10™ p.m., Makerstoun 

Mean Time. 

Air, |Evap. 

39-7 
46-0 
46-6 

45-1 
44-0 
41-9 
33-4 
34:5 
41-4 

51-7 
39-6 
50-9 
53-9 
59-5 
46:5 

53-1 
50-0 
53-7 
42-0 
39-7 
38-0 

45:8 
39-2 
37-4 
34:3 
42-1 
90-0 

49-7 
45-6 
46-1 
42-0 
53-9 
41:3 

37-0 
39-7 
41-6 
41-9 
43-3 
41-4 

33-0 
32-0 
39-0 
38-9 
39-0 
42-1 

44-8 
50:7 
41-7 
45-2 
42.3 
54:7 

61-1 

34-5) 51-7 
37-2) 55-1 
36-8) 53-5 
35-7| 54:4 
32-5] 56-4 
35-9) 58-8 

45-8] 64-9 

Force of 

Wind. 

am Oo HO 

SwNerer RITA LOSO 

AnwWwowsA 

S~13-15 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 



64 

Civil Day. 

May 

Dairy METEOROLOGICAL OBSERVATIONS DURING MAY AND JUNE, 1849. 

Calculated 

Daily Means.* 

Tem. Sky 

hoe clouded. 

44:9) 6-0 
44-9} 10-0 
48-9} 1-0 
52-6; 3-0 
41-6} 8-5 

43-6} 8-0 
42-2} 1:5 
42-4 8-4 

41-9} 10-0 
47-1} 9:5 

47-3} 10-0 
46-8} 10-0 
49-6} 10-0 
51-7} 8-5 
51-2} 9-0 
46-3) 9-7 

59-6} 8-4 

54-5) 8-0 
58-5} 10-0 
53-9} 6-0 
53-6) 7-4 

58-8] 3-2 
57-1} 85 
55:9) 3-7 
56-7) 6:5 
53:5) 2-0 
53-4 9-4 

62-4) 2-6 
52-6] 10-0 
55-2} 2-2 
56-4; 0-0 
45-5} 6:0 
50-3} 4-0 

45-7; 9-9 
46-4| 3:5 
50-9} 6-0 
52-1} 2-1 
51-6} 10-0 
53-4) 9-0 

53-4} 10-0 
49.7| 10-0 
50-5} 5:0 
53-4} 6-0 
50-2} 10-0 
55-1) 7-4 

57-4| 10-0 
57-5| 7-0 
53-2} 6-7 
51-9) 5-7 
50-9} 10-0 
52:9] 5-9 

11 a.m., Gottingen =" 
105 10™ a.M,, Makerstoun 

Mean Time. 

em.| Tem. 
of 

. |Evap. 

44-0 
29.889 45-3 
29.882 
99.847 
29-845 

29-960 

A Gece Cine ed ay 

29-554 

29-636 
29-868 
"29-616 
29-572 

30-038 
29-974 
29-874 
29-718 
29-726 
29-816 

29-878 
29-696 
29-906 
29-972 
29-901 
29-725 

29-662 
29-674 
29-877 
29-873 
29-790 
29-681 

29-737 
29-274 
29-836 
29-665 
29-825 
29-552 

29-661 
29-596 
29-581 
29-786 
29-776) 59-4| 53-9 
29-9221 53-0] 46-6 

5 P.M., Gottingen = 

4b 10™ p.m., Makerstoun 
Mean Time. 

See ees en) ae er 

Thermo- 
meter. 

025 

-047 

+200 

-495 

773 

+272 

-200 

247 
+192 

Force of 
Wind. 

Max.|Mean.* 

we eee el ween ee 

eweonel eoccce 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

to co ao on Pal 

— . 

- 

connor to rh & wo . 

6, 2 
ee) 
o as 

540 we 
28, 8 

3, on4 
2. WEF 

12,\ 08 
a: 4 
= ie 
G,' ope 

18, 4416 

21, 24 
18, 18 
18, 22 
20, 22 

10, 12 
21, 20 
18, Alo 
23, 20 
21, 20 
13, cis 

18, 22 
@: eae 

26, 25 
29, 22 
3) ee 
2, 30 

24, 0 
28, 29 
28, 24 
24, 28 
8, 28 

2+ 9H 

20, 20 
22, 30 
22, “ig 
22, 24 
20, 22 
24, 22 

18, 20 
24, 20 
26, 22 
ae - 
Qu. 6 
3, 22 



Civil Day. 

DaiLty METEOROLOGICAL OBSERVATIONS DURING JULY AND August, 1849. 

11 a.M., Gottingen = 
105 10™ a.M., Makerstoun 

Mean Time. 

5 P.M., Gottingen = 
4h 10" p.m., Makerstoun 

Mean Time. 

Calculated 

Daily Means.* 

ie Sky 
isi clouded. 

53-8] 7-0 
54:3 8°5 

50-3 9-0 

53-9 8-0 

54-9} 10-0 

58-1 9-0 

57-5| 5-0 

63-3] 6-0 

65-0 8-2 

57-0) 5-2 

56-2 4.5 

56-9 0-5 

64-9 3-5 

57-7 7-5 

48-9] 10-0 

55:3 (eo 

56-9 8-0 

55-5 9.0 

51-8} 10-0 

55-2 8-0 

55-9 8-0 

54-3 9-7 

56-6 8-2 

56-9 8-5 

53-6 6:5 

52-1 8.7 

54-4 5-2 

52-0 9-5 

49-9 7-0 

51-0 9.9 

06-9 5:0 

55-3] 10-0 

64-8 3-7 

63-6 8-4 

58-9 9.9 

59-9 8-2 

54-1 9.9 

54-2 6:5 

51-3 7-5 

50-8 9-5 

50-8 7:5 

50-3 7:0 

55-8} 10-0 

60-0} 10-0 

57-0 8-0 

52-8 8-9 

54:8 8-9 

57-5) 10-0 

§3-5 6-4 

54-8 9-0 

63-2 6-0 

55-6} 10-0 

55-7 8-9 

Barom. 

at 32°. 

29-605 
29-080 
29-326 
29-560 
29-676 
29-619 

29-979 
30-098 
30-154 
30-202 
30-134 
30-069 

29-887 
29-482 
29-337 
29.212 
29-326 
29-583 

29-341 
29.244 
29-139 
29-250 
29-588 
29-658 

29-234 
29-450 
29-793 
29-878 
29-846 
29-788 

29-836 
29-802 
29-626 
29-512 
29-499 
29-521 

29-006 
29-130 
29-383 
29.322 
29-564 
29-759 

29-987 
29-994 
29-817 
29-924 
29-960 
29-765 

29-588 
29-635 
29-639 
29-620 
29-613 

Tem.| Tem. 

of of 
Air. |Evap. 

51-8 
54-9 
50-4 

57:3 
57:2 
56-0 
58:0 
58-0 
59-8 

59-5 
65-1 
69-0 
59:6 
60:3 
o7-4 

65-2 
60-6 
52-8 
59-2 
60-2 
09:6 

57-1 
60-4 
57-0 
09-4 
60-6 
62-5 

58:4 
57-9 
59-2 
58-9 
54:7 
53-9 

60-2 
57-9 
67-6 
70:8 
62-8 
59-7 

58-3 
59-0 
56:0 
57-0 
56-4 
55-2) 5 

59-9 
64-8 
62-9 
57-9 
60-2 
62-4 

57-9 
58-9 
67-0 
61-1) 59-8 
63-2) 59-1 

Tem. 

of 

Air, 

Barom. 

at 32°, 

51-6 
54-1 
51-0 
52:7 
57:7 
60-7 

58-4 
59.4 
52-7 

57-9 

29-632 
29-122 
29-363 
29-609 
29-646 
29-593 

30-034 

30-072 
30-121 
30-170 
30-095 
30-008 

54-2 
61-6 
62:4 
57-2 
06:5 
58-2 

29-724) 72-6 
29-494 
29-232 
29-229 
29-351 
29-604 

29-267 
29-184 
29-146 
29-319 
29-608 
29-545 

29-211 
29-554 

29-837 
29-846 
29-848 
29-760 

29-819 
29-723 
29-590 
29-467 

Eyap. 3 

29.524 
29-473 

28-960 
29-241 
29-414 
29.357 
29-667 
29-740 

29-981 
29-947 
29-793 
29-919 
29-900 
29-773 

29-630 
29-596 
29-655 
29-561 
29-643 

Thermo- 

meter. 

Max. 

be eeae 

-120 

-080 | 

210 
-122 

-500 
088 

-405 

023 

-053 

-290 

015 

822 

Force of 

Wind. 

Max. |Mean.* 

-Oocoode- 

* See Introduction for a description of the methods by which these means have been obtained. 
{ July 21—-New silk put on wet bulb thermometer. 

23h 5h, 

24, 22 
Doe | 21 
26, 10 
26, 26 
ie £48 
19, ® 19 

22, 24 
20, 22 
18, 2 
4, 6 
4, 6 
6, 8 

14.) B193 
28, 24 
18, 10 
22, 20 
23, 8 
10, 25 

20, 20 
8, 8 
2, 8 
3, 8 

26, 22 
20, 16 

19,- © 22 
0, 24 

27, 7 
8, 2 
0, 1 

30, 6 

4, 2 
a) Je 

24, 24 
a. 
0, 6 
s, 1120 

20, 18 
21, 22 
22, 22 
20, 28 
28, 3 
22, 30 

16, 22 
20, 18 
20, 26 
24, 20 
28, 20 
22, 24 

24, 20 
1,1. 21 
24, 25 
18,/ 026 
26, 2 

65 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 



66 DatLty METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OcTOBER, 1849. 

11 a.M., Gottingen = 5 P.M., Gottingen = 
Calculated Thermo- Force of 

Daily Means.* a sy rang ie = tees ioe ee meter. Wind. Direction of Wind 
Rain at the following 

| Civil Day. wala a Hours, Gottingen 

| Tem.| Tem.| Hel. Tem.| Tem.| Rel. Tiches Mean Time, 
Sky, |) Bazar. of We ofng| Sm | -BARCM: baad. |mok OEE | pre aia || Max. |Mean.* cin clouded,|| at 32°. Air. |Evap. Sas at 32°, Air. |Evap. brie sh. xe 

8.5 || 29-630] 65-1| 59-8| 74 || 29-601) 62-7 59-2| 82 | 48-3| 70-8 0-6] O-t 12, 8 

2-5 || 29-743) 62-9] 61-4] 92 || 29-800} 69-5] 63-5) 72 || 42-1) 72-4) -194]| 0-5] 0-0 0, 14 
10-0 || 30-042) 56-7/ 56-2) 97 || 30-052) 59-1/57-7| 92 || 44-3] 62-8 0-1} 0-0 2, 6 
8-5 || 30-082] 59-4] 56-8} 85 || 30-029) 66-1| 59-8} 70 || 49-4! 67-6 0-1} 0-0 14, — 

10-0 || 30-070) 54-5] 54-3} 98 || 30-078) 53-0) 50-1} 82 || 42-5) 56-9) -020 || 0-6| 0-2 2, 2 
5-1 || 30-124) 53-8) 49-6} 75 || 30-103) 52-2) 48-5) 77 || 37-4) 58-3 0-7| 0-2 4, 2 
1:0 || 29-982) 54-1) 51-3} 83 || 29-464) 60-8| 56-4) 77 || 28-1) 64-2 0-8} 0-2 18, 20 

10-0 || 29-155] 52-4) 51-3) 93 || 29-099) 51-2) 51-2) 100 || 39.2) 54-8 0-8| 0-0 6, 4 
10-0 || 28-856) 51-9| 51-2} 95 || 28-825) 49-8) 49-8} 100 || 40-4) 54-8 0-2} 0-0 2; — 
4-0 || 28-826] 54-1] 52-0) 88 || 28-855) 58-4] 54-1] 77 || 34-5) 63-8] -622 |) 0-1) 0-0 16, 28 
4:0 || 29-257) 54-5) 49-1} 69 || 29-430] 54-0/ 47-9] 65 || 37-0} 58-5 1-8} 1-4 28, 28 
7-5 || 29-667| 57-7| 53-9] 79 || 29-747) 56-9] 53-3) 80 || 45-3) 61-2 1-7| 0-7 22, 21 
9-5 || 29-800] 57-0] 54-1] 83 || 29-758) 57-9] 55-2) 85 || 41-2) 62-4 2-2} 0:8 18, 18 

2:0 || 30-203] 53-6] 48-6] 71 |) 30-191) 57-2) 50-1] 61 || 31-6) 59-8 0-6} O-1 30, 0 
4-5 || 30-233) 51-2) 46-9} 74 || 30-220] 54-2) 48-3) 66 || 33-0) 58-0 0:7} 0-2 2, 0 
7-0 || 30-283) 56-5) 54-3} 87 || 30-263] 60-5) 55-8) 75 || 32-6] 65-1 0-4] 0-0 22, 4 

10-0 || 30-337) 56-1] 55-1) 94 || 30-311) 53-7) 53-7} 100 || 39-8) 60-5 0-7} 0-0 8, 4 
10-0 || 30-325] 53-6] 52-5) 93 || 30-278) 52-9) 52-6] 98 || 42.8) 55-8] -162)| 1-3] 0-6 2, 5) 
10-0 || 30-163] 55-0) 53-7; 92 || 30-084) 53-0] 53-0} 100 || 47-2) 58-2) -033 || 1-7| 0-2 4, 6 

7-4 || 29-779] 57-8] 55-9} 89 | 29-739] 57-2! 55-5} 90 || 48-3) 62-2 0-6| 0-1 %% 6 
4.2 || 29-733] 55-0} 51-5} 80 || 29-727] 53-8) 51-5| 86 || 43-8) 57-6 0-2} O-1 6, 5 
8-9 || 29-801] 53-9] 51-3) 84 || 29-764) 53-5) 53-2) 98 || 39-7] 59-0 1-3] 0-2 4, 3 
9-7 || 29-766] 57-5) 53-9] 80 || 29-753) 56-1) 53-1) 83 || 48-8) 61-8]) -232 | 1-2} 0-4 8, 10 

10-0 || 29-653] 57-0] 53-9} 83 || 29-563) 54-3) 54-5} 100 || 49-3) 58-8 1-3} 0-1 8, 4 
10-0 || 29-437] 54-0) 52-8) 92 || 29-364) 52-0) 51-7} 98 || 46-0) 56-7) -392 || 0-2} 0-1 4, 2 

9-7 || 29-384] 46-7| 43-3) 77 || 29-441] 46-8] 43-3} 77 || 37-3) 48-6] -318 || 3-7| 0-4 2, Ov Z 
1-5 || 29-491) 45-0) 41-7} 77 || 29-453) 47-7| 42-5] 67 || 22-8) 49-6 0-4} 0-0 — 22 
9-7 || 29-271] 40-2| 39-3) 93 | 29-100] 38-8] 38-7} 99 || 25-7] 43-6 0-1] 0-1 as 4 
3-6 || 29-072) 43-0| 40-6] 83 | 29-158) 41-7| 37-6] 71 || 31-3) 46-0) -387 || 0-8} 0-2 IF a 
2:2 || 29-345) 42-8) 39.5} 76 || 29-371} 42-5) 39-6} 79 || 22-3) 49-8 0-6) 0-1 24, 20 
0-7 || 29-528) 39-3) 37-9} 89 |) 29-520) 44-7) 40-0) 68 || 18-3) 47-8] -010)) 0-1; 0-0 — 28 

6-2 || 29-668] 44-0) 41-7] 84. || 29-715} 44-0) 41-1] 79 || 34-7) 47-9 2:9) 0-5 0, 30 
4:5 || 29-703] 48-3) 45-2} 79 || 29-656] 48-0} 43-5) 71 || 25-9) 52-4) -115 || 1-1} 0-3 18, 22 
0-3 || 29-692) 39-0| 37-6] 89 || 29-632) 45-0) 41-3) 75 || 22-2) 48-8 0-1} 0-0 24, 4 
5-2 || 29-561] 38-7| 38-0) 94 || 29-552) 45-3) 42-1] 78 |) 19-8) 50-2) -020]| 1-7] 0-0 9; 8 
3-7 || 29-660) 41-8) 41-3) 96 || 29-678] 40-1] 39-1} 92 || 26-8) 46.2 2-2} 0-2 4, 2 
7:7 || 29-851] 43-3) 40-4) 79 || 29-902) 40-5] 39-7| 93 || 28-6) 46-1]! +332 || 2-7) 1-2 2, 1 

4-6 || 30-099] 38-7/ 36-8] 84 || 30-038] 45-5} 42-6) 80 || 26-5) 48-6 0-8| 0-0 = = 
5-9 || 29-881] 45-2) 41-1] 71 || 29-766) 44-8] 41-6] 78 || 27-8] 50-6 0-3} 0-0 = = 
9-2 || 29-440} 51-7) 49-0) 83 || 29:379) 53-8] 50-8) 82 || 22-8) 56-8 2-2! 0-8 1195 20 
7:0 || 29-634) 56-6} 54-0) 85 || 29-708] 56-1/ 52-9} 82 || 45-8) 61-0 4:3} 3-4 20, 18 
6-0 || 29-653) 60-3] 55-0} 73 || 29-587| 60-6) 56-0) 76 || 44-4) 65-0 6:3} 0-2 19, 19 
5-7 || 29-516) 50-5) 47-4) 81 || 29-533) 49-6] 46-4; 80 || 40-4) 57-4] -188 || 3-0} 0-6 20, 18 

10-0 || 29-746) 45-6) 44-3} 91 || 29-555) 48-7/47-3) 90 || 30-7| 54-1 1-2} 0-0 24, 16 
9:7 || 29-674) 54-9) 51-4) 80 || 29-672) 49-3) 45-3) 75 || 43-4) 56-0 5:2| 0-4 24, 24 

10-0 || 29-691) 48-6/ 48-3) 98 || 29-736] 48-7| 48-6] 99 || 40-0) 51-7]| -958]] 0-2; 0-0 2, 4 
9-9 || 29-486) 56-2) 55-6) 97 || 29.417| 55-6] 54-3} 92 || 44-0) 58-6] -344)| 1-2) 0-6 20, 20 
2-5 || 29-383) 51-0/46-7| 74 || 29-407| 49-0) 45-3] 76 || 44-2) 54-7 1-4} 0.2 20, 20 
8-5 || 29-548) 49-4) 48-5) 94 |) 29-611) 55-7) 54-0) 90 || 31-4) 59-8 0-4; 0-0 16, 16 

9-7 || 30-280) 48-8) 46-1); 82 || 30-164) 53-2) 50-3) 82 |] 27-2) 54-6) 3:0} 0-4 20, — 
10-0 || 29-756) 52-1) 49-1] 81 |) 29-572) 53-9] 51-5) 86 || 45-2) 57-3) 5-9| 1-6 18, 17 
10-0 || 29-350| 49-2) 46-4] 82 || 29-265] 44-71 43-6) 93 || 34-5) 51-8 | 2-1] 0-1 20, 17 

* See Introduction for a description of the methods by which these means have been obtained. 



DatLy METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DECEMBER, 1849. 67 

11 a.M., Géttingen = 5 p.M., G6ttingen = 

Calculated 104 10m AM,, Makerstoun || 4" 10™ p.m., We eraibum tae ee Barer Ce ‘ ‘ 5 f 
Daily Means.* Moan Time Mean Time. meter. Wind. Direction of Wind 

’ Rain at the following 
6 ae Be Hours, Gottingen | 

7 Tem. Tem.| Tem. Rel. Tem.| Tem, Rel. Inches Mean Time. 

ae ; AnD BYAE Si pane Ema: G0! 23h, 5h, 

| Nov. 1 | 44-7] 5-9 || 29-373] 46-01 45-3] 95 || 29-421| 45-4) 44-01 Go | 35.9] 50-3// -063]| 0-1| 0-1 Gr ts 
2 || 44.0 7-4 || 29-411) 43-2) 43-1} 99 | 29-352) 46-8) 41-3} 64 || 27-8) 49-4 0-0) 0-0 tS — 

3 || 43-9) 10-0 || 29-307| 45-2) 43-5} 88 || 29-186) 44-7| 44-0} 95 || 32-2) 48.5) -044 || 0-1} 0:0 20, 18 i 

5 || 38-7 1-5 || 28-437| 41-2) 38-3] 79 || 28-614) 38-3) 36-3] 84 |) 31-0) 45-9)) -182]) 2-2) 1-1 25, 18 

6 || 31-9 3-0 || 29-167) 34-0) 31-8) 82 || 29-100) 31-8) 30-7; 91 || 23-5) 41-0] -037 || 2-2) 0-8 18, 18 

7 || 33-2) 10-0 || 29-667| 33-4) 32-3} 90 || 29-609) 35-0| 34-3) 94 || 23.2) 37-0 3-9| 0-0 — — 

8 || 53-3) 10-0 || 29-800) 55-4| 54-3) 93 || 29-801] 53-2) 51-7} 90 || 30-8] 56-8 3:0| 0-6 20, 20 

9 || 53-0) 10-0 || 29-854| 54-4| 52-7} 90 || 29-839) 53-7) 52-3) 91 || 36-5) 56-0) -018 || 4-8} 0-9 20, 20 

10 || 53-1] 10-0 || 29-832) 54-5) 51-5) 82 || 29-765) 53-7) 50-9) 83 || 47-8) 55-5/| -065 |) 2-1| 0-6 20, 18 

12 || 50-9} 10-0 || 29-700} 52-4) 50-9} 90 || 29-638) 51-5| 50-5} 94 || 47-2) 54-2) -005 || 3-6} 1-3 18, 20 

13 || 46-1 6:5 || 29-378) 50-2) 47-4) 82 || 29-353) 44-0) 41-7| 84 || 39-8) 53-2 3:0} 0-6 18, 20 

14 || 38-9 4-7 || 29-187| 42-3) 41-1} 91 || 29-182) 37-5) 35-7| 86 || 30-2) 44-5|| -154|| 0-8) O-1 WA — 

15 || 40-0 1-8 || 29-339] 40-0) 36-7| 75 || 29-475) 42-0) 41-1) 93 || 28-2) 46-0 1-8| 0-2 26, 30 

16 | 39-6 5-0 || 29-857) 42-2) 38-9} 76 || 29-901] 39-0) 36-3) 78 || 32-0) 44-6) 0-8) O-1 28, 28 

17 || 39-0 9-7 || 30-008) 38-8] 37-3} 88 || 29-928) 41-2) 41-1] 99 || 22.8) 44-6) -027 |) 0-2} 0-0 a a 

19 || 45-2) 19-0 || 29-838) 46-0] 44-8} 91 || 29-836) 46-4) 45-4) 93 || 39-8) 55-7 1-3} 0-0 = —— 

20 || 44-7| 10-0 || 29-866) 46-2) 46-2} 100 || 29-850) 45-2) 45-2) 100 || 41-2) 48-0] -132]] 0-1} 0-0 4, — 

21 || 42-6 2-5 || 29-802) 43-0) 42-3} 95 || 29-777| 44-3) 43-1] 91 || 38-0) 47-8 0-2} O-1 WZ, 15 

22 | 41-5) 10-0 || 29-586) 41-9} 41-3) 96 || 29-456) 43-1) 43-0) 99 || 36-0) 45-4 0-5} 0-0 14, —_— 

23 || 42-0 9-9 || 29-161] 43-8] 42-3) 90 || 29-019] 42-2| 41-6) 96 |] 28-9] 45-8] -155 || 2-2) 0-4 We 18 

24 || 36-1 5-5 || 29-092! 36-2) 36-2) 100 || 29-066| 38-0/ 37-3) 94 || 25-8] 42-4|| -150]} 0-4) O-1 20, — 

26 || 33-1 8-0 || 29-724) 33-2) 33-1} 99 || 29-840} 35-0) 34-6] 96 || 20-6] 38-7 0-1) 0-0 8, — 

27 || 29-6 8-5 || 30-022) 30-1) 30.1) 100 || 29-985) 31-1) 30-8} 97 || 19-8} 34-0 0-1} 0-0 26, — 

28 || 22-1 1-0 || 29-830] 23-0| 22-7) 97 || 29-730) 23-3) 23-8) 100 || 12-6] 27-0 0-1| 0-0 — — 

29 || 32-8] 10-0 || 29-537| 30-3) 29-4) 92 || 29-430) 37-3) 36-3) 91 || 11-5] 43-8 tT 0-1 —- 20 

30 || 38-3 0-2 || 29-520) 41-0| 40-6} 97 || 29-633) 37-7| 37-3) 97 ||------ 45-0|| -340 || 0-1 | --:--- 22, 20 

Dec. 1 || 36-5 8-7 || 29-792) 34-7| 34-7} 100 || 29-708] 39-6) 39-3} 98 || 24-5] 40-8 0-2) 0-1 20, 16 

3 || 35-9 8-0 || 29-598] 38-4) 35-3) 75 || 29-634) 34-6} 33-3} 89 || 34-0) 39-8] -046 || 2.9] 0:5 2), 4 

4 || 31-3 9-0 || 29-451) 30-7] 30-4) 97 || 29-271] 33-2) 33-1] 99 || 24-0) 36-6 0-6} 0-0 4, 4 

5 || 28-3 5-1 || 29-214) 24-9} 25-4) 100 || 29-107} 33-0] 33-3) 100 || 18-8) 37-0 0-4} O-1 = 4 

6 || 39-9 5-2 || 29-249] 38-8] 37-9} 93 || 29-386] 42-2) 40-3] 86 || 29-2) 44-6]| -245 || 3-8] 1-7 16, 7 

7 || 43-7) 10-0 || 29-468] 43-7) 40-5) 77 || 29-401] 45-0) 42-3) 81 || 30-0) 46-8 2.4| 1-4 12s 12 

8 || 39-8] 10-0 || 29-350] 39-8) 39-3} 96 || 29-376) 41-0) 40-7} 98 || 35-8) 43-0] -017|| 3-1| 0-4 8, 9 

10 || 38-8} 10-0 || 29-977) 39-7) 39-7} 100 || 30-032) 39-2/ 39-1] 99 || 34-0) 41-5 2.0} 0-0 to,: 4 

11 || 37-1 6-2 || 30-131] 37-6] 36-3) 89 || 30-088) 37-8) 36-5) 89 || 29-0) 41-2 0-2] O-1 6, 4 

12 || 36-1 6:0 || 29-982) 38-2) 35-3} 76 || 29-892) 35-2) 33-3) 83 || 29-0) 40-2) -138]| 0-5] 0-2 8, 8 

13 || 34-8 9-9 || 29-666) 37-0] 36-3} 94 |) 29-563) 33-8) 32.8) 91 || 29-8) 39-6 1-3] 0-4 10, 14 

14 || 43-3 5-1 || 29-427] 44-0] 42-6} 90 || 29-435] 43-8) 42.8) 93 || 27-2/51-0) -313 | 2-0} 0-4 20, 20 

15 || 44-0} 10-0 || 29-494) 43-4) 42-5} 93 || 29.525) 45-8) 44-1} 88 || 38-4) 46-8 7-2| O-1 — 19 

17 || 42-7 6-0 || 29-177] 41-9] 41-4) 97 || 29.310) 44-8) 42.5} 84 | 37-6) 48-5]] -428]] 3-8] 0-1 — 22 

18 || 40-6] 10-0 || 29-202) 42-2) 42.4) 100 || 29-178] 40-2) 40-1] 99 || 37-5| 46-5] -130|| 1-2] 0-2 4, 0 

19 || 37-7 0-6 || 29-864] 39-4] 35-3} 68 || 29-958] 37-2) 35-3] 84 || 32-9) 42-5] -113 || 4-3] 0-3 30, 26 

20 || 35-1 3-2 || 30-208) 36-2] 33-5} 77 || 30-348] 35-2| 34-3] 92 || 28-2) 40-2] -046]] 1-7] 0-2 30, = 

21 || 33-3 8-7 || 30-484) 34-0] 32-6] 87 || 30-530) 33-8) 31-5} 81 || 27-2) 36-8 0-7| O-1 0, 4 

22 || 30-9 5-7 || 30-617) 33-0) 29-8) 73 || 30-618) 30-1) 30-4) 100 || 27-7) 34-8 0-5| 0-0 5, 4 

24 || 37-4 7-0 || 30-378] 38-8] 38-6} 98 || 30-409] 37-2) 36-3) 92 || 26-6) 41-0 1-2} 0-1 if 2 

25 || 35-9 7-5 || 30-407) 35-8) 34-5) 89 || 30-246) 37-3) 35-5| 85 || 29-7| 41-0 0:7| 0-0 24, 20 

26 || 41-3 9-4 || 29-869) 41-7| 39-5} 83 || 29-620) 42-2) 40-0) 83 || 31-2) 44-2) -192|/ 1-0} 0-5 24, 23 

27 || 33-1 3-0 || 29-283) 35-4! 35-0) 97 || 29-266) 32-0) 31-7; 97 || 30-7) 36-8 4.5| 2-7 30, 30 

28 || 22-1 1-0 || 29-259] 21-4| 19-5} 79 || 29-303) 24-0) 23-0) 90 || 17-5| 26-0 5-8| 2-3 30, 30 

29 || 35-5) 9-2 || 29.408] 36-0) 33-3] 77 | 29-585] 36-3) 34-6] 86 || 19-8) 39-0 4-02 1-72 30, 30 

31 || 29-3 1-6 || 30-139) 30-6| 30-7| 100 || 30-117! 29-3: 28-6! 94 || 18-0) 33-51] -332 t 0-0 — —_ 

* See Introduction for a description of the method’ by which these means have been obtained. 

J Anemometer frozen. { Found by observing smoke. 



68 DaILy METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1850. 

Gaieniaed 11 a.M., Gottingen = 5 p.M., Gottingen = mierie: Force of 

Dadi Mewes Mhe PO et craton eee eee Alacer site |) aera Wind. || Direction of Wind af Mean Time. Mean Time. J 
j Rain at the following 

| Civil Day. . Men. en Rel. Menlo Rel. in oe 

oo ee ae of | of ett ey of | of caren Min. | Max. ‘oe Max.|Mean.* 

Be | |e ES aa hc iis 20%, 23>, Ob, 5h 

Jan. 1 39.7 6-9 || 30-046] 33-0) 31-9} 91 || 30-007| 33-8] 32-7; 90 || 19-6 37-0 i 0-0 — 16, —_ — 

l 2 || 36-7| 10-0 || 29-976) 37-2) 36-3) 92 || 29-962) 37-6 37-3| 97 || 22-8] 39-5 t 0-1 | — 24, — 24 

3 || 42-3] 10-0 || 29-749] 42-9) 42-3) 95 || 29-655) 43-2) 42-9) 98 || 33-2) 45-2 0-5} 0-2 || — 22, — 20 

4 || 36-4 3.0 || 29-217] 37-4| 35-8) 87 || 28-936] 36-8] 35-3) 88 || 28-3) 40-0] -014 || 1-3) 0-3 || — 18, — 20 

5 130-9 3.6 || 28-921! 33-6) 31-7) 84 || 29-061] 29-7| 28-4) 89 || 27-0) 35-5 1-9} 0-1 || — 21, — 20 

7 1\31-2 7.2 || 29-773] 30-1] 30-2) 100 || 29-913] 33-8) 31-9} 84 || 16-7) 35-0 0-7; 0-1 | — 28, — — 
S lige Ovl| 30-036) 24-6) 235) «BO: || eer selpe eek |e siaeeee 15-0] 31-6 + 0:04): a ee 

9 || 26-5 5.0 || 30-025] 24-4) 24-1} 96 || 30-011} 30-1) 30-0) 99 || 12-8) 30-5 i 0-0 || — — — ~~ 

10 || 29.9 9-9 || 29-782) 30-3]------| --+--- 29-638} 30-9] 31-0} 100 || 25-0) 34-0 if 0-0 | — 16, — 24 

11 || 29-3) 10-0 || 29-634] 29-7] 29-6} 99 || 29-689] 30-3] 30-4) 100 || 23-6) 32-5 if 0-1 | — 16,— 4 

12 || 32.2] 10-0 || 29-895] 33-6) 32-1) 87 || 29-914) 32-3) 32-3) 100 || 26-0] 34-2 ft 0-3 ]— 4,— 6 

14 || 27-5 7.2, || 29-789] 26-4| 25-9) 95 || 29-735) 30-1) 27-9} 80 || 22-3) 33-2 T 0-1) — 4,— 8 

f 15 || 24.2 7.0 || 29-568] 23-7| 23-5} 98 || 29-458) 26-1] 25-9} 98 || 15-8] 31-5 if 0-1 | — 8— 6 

16 || 31-2) 10-0 || 29-383) 31-8] 31-3} 96 || 29-440} 32-0) 31-8) 98 || 20-2) 34-3]| -590 t 0-1 | — 4,— 8 

17 || 25-5 7-5 || 29-702) 31-3} 30-8) 96 || 29-742) 21-2) 21-5) 100 || 25-0) 29.0 t 0-0 || — 20, — -~ 

: 18 || 24-8} 10-0 || 29-675] 19-8] 19-9} 100 || 29-531] 31-3) 30-4) 92 1-2) 32-6 + 0-2 | — 16, — 12 

19 || 31-4) 10-0 || 29-363} 32-6) 32-6) 100 || 29-552) 31-6; 31-6) 100 || 27-8) 35-5 1 10/— 6,— 6 

21 || 27-0) 10-0 || 30-079) 27-1] 27-2) 100 || 30-104) 28-4) 28-4) 100 || 22-2) 32-0) .298 if 0-1 — 14,— 17 

92 || 34-8] 10-0 || 30-143] 34-8] 34-1) 93 || 30-127] 36-3} 36-1} 97 || 21-2) 38-0 a 0-6 || — 18, — 22 

93 || 42.5 7-0 || 30-138] 44-2) 42-3) 86 || 30-115] 42-2)40-8} 89 || 32-2) 49-0 T 0-3 | — 19, — 18 

94 || 40-1 7.0 || 30-024] 41-1] 39-3} §6 || 29.924] 40-5] 38-7) 85 || 31-2) 45-5 t 0-2 | — 20; — 21 

95 || 38-2 9.5 || 29-478] 37-4| 37-3] 99 || 29-418] 40-4) 38-9] 88 || 32-2) 42-1 ot 0-1 || — 18, — 26 

96 || 30-0 5-1 || 29-269] 32-8) 33-1] 100 || 29-640} 28-7| 28-4) 97 || 28-8) 34.2 5:2} 1-0 | — 31, — 31 

28 145.3 9.2 || 29-370] 45-0] 44-0} 93 |) 29-255) 47-0} 43-1] 75 | 24-6) 49-9) -717 || 5-2} 1-2 | — 18, — 22 

29 || 33-2 3-0 || 29-789] 35-0] 32-3) 77 || 29-856) 32-8] 30-7| 82 | 28-8) 49-0 0-5) 0-0 || — 26, — — 

30 || 32-7 9-5 || 30-000] 31-5) 30-4) 90 || 30-005) 35-4] 33-3} 81 || 22-2) 39-0 0-1) 0-0 || — 24, — 25 

31 || 34-7] 10-0 || 29-807] 33-6] 33-3) 97 || 29-581) 37-3] 36-3) 91 || 23-8) 39-0 0-2} 0-0 | — — — — 

Feb. 1 || 44-2 7-3 || 29-206) 46-5] 45-8) 95 || 29-082) 46-0} 42-3) 75 || 33-0) 49-2) -212|/ 2-5] 0-6 | — 18, 18, 18 

9 || 44.3 8-9 || 29-284] 45-6) 43-5} 86 || 29.097) 44-3) 43-6) 96 || 40-2) 49-0, 4-8| 0-7 || 20, 20, 22, 19 

4 || 38-0 8-7 || 29-561) 39-8| 37-7| 84 || 29-475] 39-2) 37-5} 86 || 30-S| 44-8 2-3) O-2 || 20, 21 0Sy dea 

5 | 36-1 8-0 |) 29-146} 36-2) 34-3} 84 || 28-466] 42-0) 41-9) 99 || 28-0] 42-8] -244 || 6-6| 1-3 18, 18, 18, 17 

6 || 37-1 3-7 || 28-436] 40-2) 37-3) 78 || 28-703| 37-0] 34-6) 81 || 29-8) 43-0] -430]| 7-2) 2-9 || 24, 27, 27, 27 

7 || 35-2 0.4 29-068 35-6) 32-5} 75 || 29-159] 37-5] 33-5| 69 || 28-8) 40-8 2-4. 0-7 || 24, 24, 25, 25 

8 | 37-7] 10-0 || 29-122) 33-3) 33-1} 98 || 29-075] 44-2] 44-2! 100 || 28-2) 47-0] -188)) 2-1] 0-1 17, U6; eee 

9 || 42-7 7.2 || 28-717) 45-0) 43-3} 88 || 28-564] 40-4) 37-7] 80 || 40-2) 49-2) -4361/10-02 5-12 18,219, 22, 20 

11 || 34-6} 10-0 || 28-274) 39-0) 37-8} 91 || 28-656] 32-0) 32-1) 100 || 30-0) 40-2) -265 || 2-2} 0-3 || 20, 16, 12, 2 

12 || 31-4 6-7 || 28-925] 33-6] 32-7] 92 || 28-971] 33-0} 32-5) 96 || 22-4) 39-5) -485 || 2-6) 0-2 || 21, 22, 23, 26 

13 || 28-6 1-6 || 29-776) 29-3] 27-9} 87 || 29-870] 30-9] 30-4} 94 || 23-2) 34-0 3-8} 0-2 || 28, 26, 22, — 

14 || 40-8] 10-0 || 29-464| 39-5] 38-9} 95 || 29-458) 46-6) 45-5) 92 || 25-6) 48-6 2:4| 0-5 18,48, 20 ete 

15 || 49-7 8-6 || 29-462] 53-2) 49-9) 81 || 29.425) 49-9} 48-5) 91 || 42-8) 55-8 3-0| 1-4 || 19, 22, 19, 20 

16 || 39-5 1-4 || 29-539) 40-3) 36-8} 73 || 29-761] 40-6) 38-2) 82 || 33-8) 44-8]| -190|| 5-0} 1-7 || 26, 25, 26, 25 

18 || 45-8} 10-0 || 29-702) 47-6) 45-6) 86 || 29-706) 47-0) 45-5] . 89 || 40-0) 49-5 3-9)! 1-9) || 29, 19) 205 

19 || 42-9 8-8 || 29-558] 46-0) 44-8} 92 || 29-438) 36-6) 36-8) 100 || 42-0) 50-9 4-1] 1-7 19, 18, 17008 

20 || 42-3 2-6 || 29-573) 45-0) 40-9} 72 || 29-668] 40-2) 38-1] 83 || 40-2) 47-2 4:5} 1-0 || 20, 22, 24, 21 

21 | 46-1 7-0 || 29-450] 47-5) 42-7; 69 || 29-446] 49-2) 44-6) 71 || 33-3) 51-0) -197||11-4| 7-3 || 22, 26, 26, 26 

22 || 48-5 6-4 || 29-905] 50-0) 46-6; 79 || 29-981] 49-2) 45-5} 76 || 44-0) 53-6 10-5) 1-6: || 25,-24, 26,22 

23 || 44-1 9-8 || 29-929] 46-0) 42-7) 77 || 29-902) 45-2) 41-5) 74 || 35-2) 48-4 2-3] 1-0 || 20, 20, 23, 20 

25 || 41-0 7:3 || 30-076] 42-6] 39-8} 79 || 30-053] 44-6) 43-3} 91 || 33-2) 47-0 1-1} 0-2 || — 24, 20, 20 

26 || 42-7 1-2 || 30-057] 45-0) 42-3} 81 || 29-989) 46-5) 42-5) 73 || 29-8] 40-0) 2-8| 0-7 || 20, 20, 17, 20 

27 || 46-0 9-4 || 29-955) 47-0| 44-7} 84 || 29-933) 48-4) 46-1) 84 || 40-0} 52-0 4-2] 0-3 || 24, 22, 19, 24 

98 || 43-5! 10-0 || 29-919] 44-8] 43-1| 88 || 29-889] 46-0] 43-6) 83 || 33-0) 49-5 0-7; 1-1 | — — 20, 20 

* See Introduction for a description of the methods by which these means have been obtained. 
t+ Anemometer frozen. { Found by observing smoke, 



Civil Day. 

DatLy METEOROLOGICAL OBSERVATIONS DURING MARcH AND APRIL, 1850. 

11 A.M., Géttingen = 5 P.M., Gottingen = 

a laloons || 10 10™ a.m., Makerstoun || 4 10™ p.m., Makerstoun 
, Mean Time. Mean Time. 

Rel Rel. 

me Sky Barom ea ee Hum Barom. oe me Hum 
AG clouded.|/ at 32°.) 4; Evap eral at 32°.) aj. Evap onan 

47-0 7-2 || 29-806 49-6 45-3} 73 || 29-890) 51-0 46-5 72 

44-3) 10-0 || 29-793) 46-3) 45-1] 91 || 29-665] 45-8) 44-5] 91 

33-1 2.8 || 29-905! 34-2) 33-9] 97 || 30-035) 38-5) 33-3} 59 

40-9} 10-0 || 30-080] 42-7| 41-1] 88 || 30-065] 45-2) 43-9} 91 

50-0 7-9 || 30-161} 53-0] 49-3] 78 || 30-168] 52-5) 49-6} §2 

48-9 3-4 || 30-233] 51-3) 47-5) 76 || 30-193] 52-6)47-9| 72 

46-9 9.7 || 30-184] 47-7| 45-3} 84 || 30-121] 54-0) 48-7} 69 

42-0! 10-0 || 29-880} 44-2) 42-1] 85 || 29.800) 44-1/42-3) 87 

40-0 3-5 || 30-277| 42-3] 37-2) 63 || 30-286] 45-6) 39-6} 59 

39-9 9.5 || 30-338] 42-8} 40-1} 80 || 30-322) 48.6) 44-1] 70 

42-5 3-5 || 30-305] 46-2] 42-3} 73 || 30-280] 52-0] 46-3) 65 

43-9} 10-0 || 30-356] 46-6] 44-3} 84 || 30-348) 46-4| 44-3) 85 

43-7 9-9 || 30-317] 46-3) 43-5) 81 || 30-245) 47.8} 43-3) 70 

41-1 7-6 || 30-140] 44-0} 41-1] 79 || 30-135] 42.2) 38-0) 69 

40-9} 10-0 || 30-096} 40-0] 38-3) 86 || 30-023] 48.4) 43-3) 67 

44-3 9-2 || 29-991! 47-0] 45-3) 88 || 29-985] 47-8) 42-5| 65 

45-3 9-4 || 30-026) 47-0] 42.9] 72 || 29-982) 51-0) 44-3] 59 

38-4 9.8 || 30-097] 40-4) 37-3} 76 || 30-100) 43-0) 38-5| 68 

44.3 9-8 || 29-768] 45-3! 40-6] 67 || 29-543) 48-8/44-5| 73 

33-1 3-6 || 29-314] 36-8] 35-8) 92 || 29-329] 35-8/ 33-5} 81 

30-9 1-1 || 29-524! 32-0) 30-9} 91 || 29-440) 38-0) 31-9} 56 

34-6 1-6 || 29-552) 37-0) 31-9} 62 || 29-614) 40-2| 33-9) 53 

33-8 3-5 || 29-659] 36-2) 31-9} 67 || 29-667 38-8) 32-6] 53 

33-5 9-7 || 29-826] 35-3] 32-3) 74 || 29-819] 41-2) 33.3] 492 

38-8 6-5 || 29-854] 40-6) 35-3} 62 || 29-805] 45-0} 37-7] 51 

37-2) 10-0 || 29-718} 39-8] 34-5] 62 || 29-609] 39.2) 34-6] 67 

47:9 9-8 || 29-318] 53-7| 49-6] 76 || 29-230) 51-6/ 48-8} 83 

44-7} 10-0 || 25-928] 45-0} 44-1] 94 || 28-888) 54-5) 51-8) 84 

47-8] 10-0 || 28-947] 50-3) 48-1] 86 || 28-888] 52.2) 47-1] 70 

51-2 9-9 || 28-548] 56-2) 52-8) 81 || 28-568] 55-0) 52-6] 86 

47-8 5-1 || 29-163] 49-7] 46-5) 80 || 29-350) 51-0) 46-8} 75 

42.2 9-2 || 29-332) 47-5] 44-3] 79 || 29-274| 47-0) 44-3} 82 

51-4 9.6 || 29-208) 56-9] 47-5| 50 || 29-092) 51-8] 50-5} 92 

49-3 8-9 || 28-951) 49-5] 46-2} 79 || 28-928] 51-7) 48-4} 80 

44:5 9-1 || 29-054) 50-3} 47-3) 81 || 29-144) 47-8) 42-3} 65 

43-9 5-6 || 29-265] 47-2) 43-3} 74 || 29-295) 51-2! 46-3) 70 

42-3 6-5 || 29-567| 42-6) 40-3} 87 || 29-581) 49-3) 44-3] 69 

41-9 7-2 || 29-653} 40-8} 40-5) 98 || 29-584) 53-4) 46-7) 61 

38-0} 10-0 || 29-272| 42-6) 40-6] 85 || 29-056) 41-0) 39-7) 91 

44-0 8:7 || 28-832) 46-8) 45-5! 91 || 28-802) 47-8) 45-3] 84 

48-1 5-7 || 29-052) 52-2) 47-5| 72 || 29-169) 53-2) 45-6} 57 

48:3 6-4 || 29-570) 52-6) 45-3) 58 || 29-620] 52-6} 47-3] 69 

51-6 4-5 || 29-470) 55-7| 52-3) 80 || 29-464) 57-6) 50-7] 63 

43-1] 10-0 || 29-098] 47-8} 46-6; 92 || 29-108] 48-2 46-5 89 

41-6 6:1 || 29-754] 44-4) 39-1) 63 || 29-794! 46-9} 40.5] 58 

40-6 7-2 || 29-832) 47-0) 40-3} 56 || 29-821] 43-3] 39-1} 70 

41-8 9-7 || 29-884) 45-0) 37-8] 54 || 29-877| 47-8] 40-5) 53 

39-7| 10-0 || 29-809) 44-0} 40-6] 76 || 29-822) 43-3) 40-1} 76 

40-5| 10-0 || 30-097| 44-5) 41-7| 80 || 30-092) 44-0) 42-5} 89 

44.2 3-1 || 30-155) 48-9) 41-6} 54 || 30-157] 48-3) 42-6} 63 

39-6} 10-0 || 30-272) 42-8) 38-9} 72 || 30-243) 43-8) 39-3} 68 

40-4 6:6 || 30-148) 43-8] 40-3} 75 || 30-104) 45-0| 39-1} 59 

Thermo- 

meter, 

* || Min. | Max. 
Inches. 

-062 
042 
-134 
-148 
-038 

-146 
-404 
-012 

-106 
-032 

Force of 

Wind. 

Max.|Mean.* 

co co bo bo —_ bo or 

hm rt WO ooourrn 

69 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

, 23%, 

ne a A A A RR A 

* See Introduction for a description of the methods by which these means have been obtained. 
s 



70 Dar1Lty METEOROLOGICAL OBSERVATIONS DURING May AND JUNE, 185). 

11 A.M., Gottingen = 5 P.M., Gottingen = 
Calculated ie Sa Thermo- Force of 

Daily Means.* oe ae sake ae eine meter. Wind. Direction of Wind 
Ran at the following 

GupeylPem a Hours, Gottingen 

Yl mem, Tem.| Tem.| Rel Tem.| Tem alee iacaien Mean Time. 
of ees eee of | of Maite ete of | of eae. Min. | Max. Max.|Mean.* 

= clouded.|} a . atur. |} a Air. eer 60) ca lls 20%, 23h, 2b, 5m, 

| May 1 ||40.8| 6-5 || 29-994] 43-4] 38-5] 65 || 29-978|45-5|39-1] 57 || 35-0)------ 035 || 2-3] 0-6] 1, 1, 0, 2 
2 || 45.2! 3-7 || 30-048] 47-01 42-7| 71 || 29-990] 51-9] 44-9] 58 || 20-2/53-82 0-6} 0-1 | 17, — 23, 26 
3 ||47-8] 4-2 || 29-843] 51-7/45-6] 63 || 29-763] 51-7| 45-9] Gd |j------|------ 3-2) 1-6 || 24, 22, 26, 28 
4 |/42-0| 7-0 || 29-624) 47-0) 41-3] 63 || 29-529) 44-0) 39-1} 66 || 29-0/49-82) .028 || 2.4| 0-2 || 27, 30, 8, 30 

6 ||39-0| 5-1 || 29-614] 42-01 37-3} 66 || 29-586] 45-8] 41-5| 71 || 25-2) f 1-084]! 1-7| 0-1 On 42, 28; 14 
7 ||41-0| 3-2 || 29-552) 44.4! 38-9) 62 || 29-473) 46-8} 41-1] 63 || 29-8)------ -015 | 0-4; 0-1 |] — 4, 12, 14 
8 144-1] 10-0 || 29-205] 46-8] 41-6} 66 || 29-146) 50-8) 43-5} 57 || 33-0)------ 0-3) 0-1 || — 12, 24, 30 
@ Wesoser © Bhsci call Aan eee es Pal eoce. at lkeieoard RAD LL BOS nl RO RES Be fo\| ee eee 

10 ||46-3} 7-6 || 29-370) 49-3) 47-3} 87 || 29-359) 55-9) 48-9) 62 || 30-2)------ 083 || 3-5] 0-8 || 17, 20, 20, 21 

11 || 47-3) 9-8 || 29-509) 50-4) 45-5} 70 |) 29-496) 50-6) 41-1] 44 || 38-3)---+-)) 090 || 2-6) 0-9 || 20, 26, — 22 

13 || 44-9] 6-2 || 29-968] 45-4) 38-1} 54 || 29-917) 50-6) 42-3) 50 || 30-0)------ 1 
14 || 43-9) 7-1 || 29-718] 48-7/ 41-2) 53 || 29-751) 45-0) 39-7) 64 || 37-0|---- 1 
15 || 41-9} 6-5 || 29-826] 45-5} 38-3} 51 || 29-798) 46-8) 39-5) 53 || 25-5)---+-+ 1. 
16 1153-5) 9-9 || 29-651|---+0+|-e+ee- .-seee || 29-619] 56-9] 49-7| 61 || 33-Ql------ 0. 

0- 

0 
17 || 51-4) 9-9 || 29-694) 56-6) 51-0) 69 || 29-626) 57-7| 54-1) 80 || 38-9/66-0 

18 || 48-9} 10-0 || 29-475] 53-2) 49-3) 77 || 29-463) 52-0) 48-7; 80 || 39-0)57-6 || -150 

20 || 44-0) 10-0 || 29-703] 44-8] 44-8} 100 || 29-610) 48-6} 47-7} 94 || 37-1/50-9 | -042 || 1-7| 0.4 35-425 den eos 
21 || 49-7| 6-7 || 29-655] 51-8] 49-6] 86 || 29-573) 57-6] 54-3) 82 || 40-0/61-4]) -093 || 0-6} 0-1 | — 12, 12, §& 
22 151-3} 5-4 || 29-377] 52-4] 50-7} 89 || 29-297| 59-9} 55-5) 77 || 34-8/61-5 0-3] 0-1 8,— 6, 4 
23 ||53-2| 8-6 || 29-345] 56-9] 53-3] 80 || 29-354) 54-3) 43-5) 41 || 40-2/68.2 0-3| 0-0||— — 7 2 

24 || 54-1! 7-9 || 29.312| 56-9] 54-6] 87 || 29-260) 60-0) 54-6} 72 || 39-0/65-6 || -208|| 0-2} 0-0 | —_ — — 6 

25 ||46-6) 10-0 || 29-127) 50-0| 49-3} 95 || 29-072) 50-0) 49-9} 99 | 41-8'51-8]) -531 || 0-5} 0-1 4, 28, 4, 21 

Q7 || 54-5} 6-1 || 29-339) 56-1] 52-6] 80 || 29-371] 63-1] 54-8) 60 || 45-8/67-0 | .442 || 1-5 
28 1157-0! 8-8 || 29-578] 65-4] 56-7} 59 || 29-707) 56-4] 53-3) 82 | 44-6/64-6 || -251 |] 1-4 
29 ||56-7| 9-8 || 29-888] 58-2) 53-6] 75 || 29-873] 63-1] 57-5) 72 || 42-2/66-6 || -047 || 1-1 : 
30 || 60-6) 4-2 || 29-848] 65-8] 57-5) 61 || 29-829] 65-9) 59-4) 69 | 38-0/70-9 1-2} 0-2 || — 19, 16, 16 

0-5 
0-5 

31 || 55-2) 7-4 || 29-981] 55-1) 53-1) 88 |] 29-975] 64-6) 57-4| 65 |) 37-8/73-1 || -048 0-1 |) — 7, 12, 15 
June 1 || 61-9} 3-7 || 30-099) 64-6| 59-4) 74 || 30-059) 66-4) 58-6) 63 || 39-6)73-5 0-1 | — — — 20 

3 ||68-6} 6-2 || 30-114) 73-2) 63-7] 60 || 30-050) 73-6] 62-9) 55 || 48-6|68-8 0-3} 0-0 | — — — 20 
4 || 65-8} 7-9 || 29-949] 71-3) 59-4) 49 || 29-869} 74-0) 61-9) 51 || 43-6/77-4 0-2} 0-1 8, 20, — — 
5 || 59-0} 8-2 || 29-653] 59-7/ 57-0} 85 | 29-564| 62-1} 56-2) 70 || 50-0/71-0 1-2) 0-2 ||— 6, 23, 21 
6 || 58-1] 8-1 || 29-262) 63-0) 55-4} 63 || 29-116) 59-6) 56-3) 83 | 41-8/68-2 1-2} 0-1 || — 18, 18, 18 
7 || 54-1] 9-5 || 29-044] 59-1] 55-4} 80 || 29-176] 56-7| 51-8} 73 || 38-8/64-2]| -318 || 1-0} 0.2 || — 30, 28, 0 
8 ||53-1| 6-5 || 29-566] 54-4| 50-7} 79 || 29-626) 58-1) 50-9} 62 || 38-3/63-5 | -115 || 2-2} 0-6 || 28, 22, 26, 26 

10 || 56-5} 4-9 || 29-781] 60-3] 55-8) 76 || 29-695] 63-6) 55-7) 61 |j------ 64-4 2-2} 0-7 || 21, 20, 20, 21 
11 ||56-0) 5-5 || 29-466] 61-4] 58-0) 82 || 29-525) 60-2) 51-5} 56 || 41-8/65-4 || -030 || 3-3| 0-7 || 21, 20, 24, 26 
12 || 52-6) 8-7 || 29-308] 54-0) 54-3} 100 || 29-131] 60-8) 56-2; 76 || 45-0/62-4 || -298 || 2-7] 0-9 || 20, 20, 20, 20 
13 || 52-3} 6-6 || 29-096) 53-3} 49-7| 79 || 29-169] 58-4) 53-3) 73 || 44-8/62-6]| -002]/ 3-1] 1-3 || 22, 26, 24, 24 
14 || 47-6} 10-0 || 29-299) 57-9] 57-9} 100 || 29-245) 46-8} 46-7} 99 || 42-2)54-1 2-3) 0-4 ||— 8, 8, 5 
15 || 47-1] 6-6 || 29-495] 49-6] 45-1) 72 || 29-579] 52-2) 45-3] 59 || 35-855-6]) 275] 2-5] 1-0] 1, 1, 4, 2 

17 54-6} 9.6 || 29-8111 58-9] 55-4] 81 || 29-812] 61-6| 54-3] 63 || 40-8164-6]| -155 || 0-8} 0-2 || — 20, — 22 
18 ||56-2| 7-3 || 29-986] 61-11 55-5| 71 || 30-011|58-8|54-6| 77 || 40-0\67-9|| -296|| 0-6| 0-1 || — 10, 26, 2 
19 61-1} 8-9 || 30-083] 64-4] 59-9| 77 || 30-049] 67-4| 62-1) 75 || 44-8|70-0 0-7| 0-3 || 20, 23, 22, 20 
20 |/61-3| 6-7 || 29-957] 64-6] 60-1] 78 || 29-924] 63-4| 58-8] 77 |--.--- 71-0|| 010] 1-6] 0-5 || 23, 22, 20, 22 
21 || 56-2| 9-6 || 29-757] 61-0] 54-5] 67 || 29-713] 60-0| 56-8] 82 || 49-6/66-8 3-4| 1-7 || 22, 22, 20, 20 
22 ||57-4| 9-0 || 29-746] 62-3] 58-7] 81 || 29-772] 62-1) 57-8} 78 || 48-8/65-8|| -018|| 2-8] 1-9 || 20, 20, 21, 21 

" "94 | 66-8| 7-5 || 29-987] 71-8] 64-31 67 || 29-931] 71-2] 64-1] 68 || 43-0177-2 1-3] 0-3 || 23, 23, 24, 19 
25 ||54.9| 9-8 |] 29-982155-4| 54-4] 94 || 29-904] 59-7| 56-3} 81 || 46-2\64-1 0-7| 0-2 || 20, 4, 6, 2 
26 ||58-4| 4-2 || 29-755] 61-6|51-7| 51 || 29-729} 63-1]55-0| 60 || 44-2/67-9 0-4| 0-1 || — 0, 26, 0 
27 ||55-4| 2.4 || 29-927] 57-5} 49-7| 58 || 29-883] 64-6] 55-2! 55 || 31-6/66-3 1:61 10-1 — qa 
28 || 57-2) 2-6 || 29-625] 58-91 50-9] 58 || 29-502] 64-2| 55-2] 57 || 33-2)68-8 0-3| 0-1 || 20, 19, 28, 20 
29 || 53-2} 3-4 || 29.385] 56-5|48-5| 57 || 29-397] 58-7151-3] 61 || 33-2161-3 |] -005 |] 2.7| 0.7 || 21, 23, 23, 26 

* See Introduction for a description of the methods by which these means have been obtained. t Sent to be repaired. 



DaiLty METEOROLOGICAL OBSERVATIONS DURING JULY AND AuGusT, 1850. fia 

11 a.M., Gottingen = 5 P.M., Gottingen = 
104 10™ a.m., Makerstoun |} 44 10™ p.m., Makerstoun 

Mean Time. Mean Time. 

Force of 
Wind. Direction of Wind 

at the following 
Hours, Gottingen 

pem. Mean Time. 

of 

Calculated 
Daily Means.* 

20h, 23b, gh, 

29-314] 57-4| 50- 33-2|| 6| 1 22, 
99-443 ; 2. -6I| - 225 

29.306) 55- ; 2-7\| . x : 22, 

29-367) 51-0| 50: 6 -6| 0- 18, 
29-764 
29-726 

29-757 
29-758 
29-776 
29-817 
29-833 
29-882 

29-850 
29-774 
29-681 
29-727 
29-754) 6 
29-679 escoooo OornN R= & 

29-696 
29.644) 6 
29-586 
29.496 
29-474 
29-726 eoooes STR ee Oo 

29-946 
29-901 
29-968 
29-901 
29-732! 6 
29-727 co cok eoooeo wNnouoc- © 

29-410 
29-480 
29-537 
29-305 
29-155 
29-468 

29-677 
29-663 
29-877 
29-819 
29-755 
29-786 

29-157 
29-305 
29-306] 54- 
29-320 
29-588} 5 

© See Introduction for a description of the methods by which these means have been obtained. 



(2 Daity METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OCTOBER, 1850. 

Caictinted 11 a.M., Gottingen = 5 P.M., Gottingen = Rtatnd 

Daily Means.* 104 10™ A.M., Makerstoun 45 10™ pP.M., Makerstoun Wind. Direction of Wind 
Mean Time. Mean Time. J 

Rain at the following 

Civil Da = Hours, Gottingen 

ve Tem. Tem. | Tem. | Rel. em. | Tem, | Rel: inarer } Mean Time. 
of ete liners. |. come l eee opal open | Smee ot ‘|| Max. |Mean.* 
J A a Evap ani ay Air. | Evap ite 20%, 23h, 2, 5h, 

| Sept. 2 |) 57-4] 4-6 || 30-057] 61-0] 56-2] 75 || 30-013] 61-4| 55-8] 71 || 025] 2.3] 0-5 || 18, 26, 26, 28 
3 || 49-0] 10-0 || 29-968| 52-3} 51-3} 93 || 30-041) 50-6| 48-9] 89 1-4 | 0-2 | 25, 28, 6, 4 
4 || 48-9 7-0 || 30-181 | 52-6] 46-9} 66 || 30-160} 53-2) 48-1 70 0-2} 0-1 4, », le 

5 || 46-4 7-4 || 30-128 | 54-2) 50:3} 77 || 30-128) 51-2] 46-5 71 0-2 | 0-1 | — 15, 4, 7 

6 || 48-2} 6-6 || 30-194] 52-2| 47-3| 70 || 30-214] 53-0| 45-9] 58 || 018] 07] 0-2] 2, 4, 4, 4 
45-8] 10-0 || 30-290} 51-0| 46-9] 75 || 30-290| 50-6| 46-5 75 P 0-2} 0-0 |} — — 2, — 

9 || 47-7 3-2 || 30-184] 53-6) 50-6] 82 || 30-134] 56-4) 52:6| 78 0-1 0-0 | — — 10, 

10 || 46-9 6-0 || 30-129 | 48-2| 47-3] 93 || 30-068} 57-9| 54-3 80 0-3] 0:0 ]— — — — 

11 || 51-3 5-7 || 30-072 | 53-9} 51-1 83 || 30-018] 62-4] 56-8] 71 0-2 | 0-0 | — — — 18 

12 || 50-0 1-9 || 30-083 | 51-0} 50-5 97 || 30-051] 61-8] 57-2] 76 0-2 | 0-0 | — — — 28 

13 || 50-9 2:9 || 30-139] 53-3] 51-7] 90 || 30-096] 61-0} 54-3 65 0-2; 00]— — 8, 4 

14 || 49-2 9-8 || 30-147 | 51-6) 50-0} 90 || 30-118] 56-9] 50-6} 65 0-1} 0-0] — — — — 

16 || 47-7 1-6 || 30-210] 51-7] 49-1 84 || 30-163] 59-1] 53-3 69 0-2; 0-0 | — — — — 

17 || 51-3 9.8 || 30-152) 52:0} 49-9| 87 || 30-056] 61-0} 54-6} 67 0-1 0-0 | — — — — 

18 || 48-8 5-7 || 29-830] 54-2) 50-3| 77 || 29-690] 58-7| 53-5] 72 0-5 0-2 || — 24, 18, 16 

19 || 52-1 9.9 || 29-592| 58-7| 53-6] 73 || 29-538] 57-5] 54:3 82 0-7 | 0-2 | — 16, 16, 16 

90 || 53-0} 10-0 || 29-440] 56-4| 54-7] 90 || 29-419} 58-1] 55-2 84 0-8 | 0-2 || 15, 18, 18, 16 

21 || 49-9] 10-0 || 29-042] 57-5| 56-9] 97 || 29-160} 53-6} 51-9} 90 || -760)) 2-3 | 0-5 8," 4, 205 22 
-040 

23 || 54-7 8-0 || 29-657| 59-7] 55-8| 79 || 29-609} 59-9] 54-3} 70 14/ 00 | — — — — 

24 || 57-0 6-9 || 29-572] 57-9] 54-4] 81 || 29-515] 60-0] 54-7) 72 0-1 0-0 | — — — — 

25 || 50-8 7-5 || 29-517] 53-7] 51-3] 88 || 29-469] 58-9] 53-6] 71 0-5 | 0-0 | — — 18, 18 

26 || 51-8 7-5 || 29-396] 54-9] 51-8| 82 || 29-376] 56-0] 52-3] 79 || -112]| 1-6] 0-3 || — 16, 18, 16 
27 || 51-1 6-6 || 29-354] 56-9] 51-9} 73 || 29-323] 55-1] 52-3 84 1-5 | 0-2 || 20, 19, 24, — 

28 || 47-6 5-7 || 29-226] 51-6| 47-7] 77 || 29-296} 54-1] 47-6} 63 || -432)) 4-2 | 0-8 || 22, 20, 25, 22 

30 || 46-3 5-9 || 28:997| 49-3| 45-9] 78 || 28-922) 53-2] 49-4] 78 || -524|| 0-9] 0-2 || 30, 28, 18, 20 

Oct. 1 || 50-6 5:0 || 29-265] 51-4] 50-3] 93 || 29-399] 53-3] 51-9] 92 || -140]| 3-2 1-0 2) "2, ee 

2 || 49-5] 10-0 || 29-616} 52-6} 50-3} 86 || 29-602] 51-8] 50:8 94 0-5 00/— — 4, — 
3 47-4 7-8 99.630| 54-2] 51-9 G7 ||) cescucises Suaicarets: Whats Wefere ereece 0-3 0-1 — 20, 20, — 

4 || 49-9 9-2 || 29-581] 54-9] 51-1 78 || 29-521] 50-6} 49-3 92 0-5 0-1 || — 20, 20, 20 
5 45-0 1-0 29-435 | 48-0} 45-3 ID liMetalotea aelotallts aicterete itera enleten| nutsidare’ o -418 3-1 0-1 es 20, 18, —— 

7 || 48-2 9-7 || 28-646 | 51-2} 49-1 87 || 28-686| 49-8| 46-6] 79 || -302|| 3-1 0-3 || 24, — 24, 22 

8 || 48-7 9-0 || 29-281] 51-0] 46-9| 75 || 29-411} 50-6] 46-3 74 || 025}; 0-8 | 0-2 || 30, 0, O, 28 

9 || 44-5 2-9 || 29-708 | 47-2} 43-3 74 || 29-781} 48-2] 42-8 65 0-3} O1f— 2 2, — 

10 || 43-7] 8-3 || 29-809| 46-6] 42-7] 74 || 29-710] 46-6] 44-5] 86 |] -148] 1-6 | 0-5 || 24, 30, 28, O 
1t || 38-2 5-9 || 30-011 | 40-0} 39-1 92 || 30-094] 43-2] 40-3] 78 6-7 1-1 0, "1;, ° 25s 

12 || 40-4 5-9 || 30-203] 43-7] 39-1 68 || 30-145] 45-8] 43-3 83 0-7 | 0-0 || — — 26, 24 

14 || 47-6 7-2 || 29-538] 50-6| 48-5] 87 |} 29-513] 46-3] 42-6] 75 || -018|| 2-6 | 0-8 || 23, 22, 28, 26 
15 || 40-1 8-4 || 29-740] 43-6] 39°1]) 68 || 29-697] 45-3} 41-3) 73 1-4 | 0-4 |} 20, 28, 22, 22 
16 || 50-9 8-4 || 29-603 | 54-4] 48-9) 68 || 29-641] 52-3} 48-3] 76 2:5 | 1-4 || 26, 22, 24, 20 
17 || 50-3 7-6 || 29-556 | 52-2) 50-4} 89 || 29-607} 53-8] 50-3) 79 || -026]) 2-4 | 0-5 || 20, 22, 24, 24 
18 || 52-3] 10-0 || 29-718] 52-8] 51-1] 89 || 29-621] 56-0} 53-3| 84 1- 
19 || 51-2 5-6 || 29-572] 53-8] 53-5] 98 || 29-580] 53-3) 50-3] 82 || -194|| 2. 

21 || 38-7 4-6 || 29-974] 38-6] 38-3] 97 || 30-030} 43-3} 40-1] 76 || -612|| 3-0 | 0-8 1, iL; 94s 
22 || 36-7| 9-2 || 29-851| 40-0] 37-3| 79 || 29-491] 42.2| 40.9| 90 || -120|) 22] 0.3 | — 22, 93, 22 
93 || 39-2} 5-5 |] 29-107| 42.0] 38-5] 75 || 29-091| 39-5| 35-8| 72 5-0 | 0-1 || — 31, Onna 
24 || 38-1| 9-0 || 29.238] 42.5] 40-3] 84 || 29-392] 42.3] 38-0] 69 uae 3-0 | 0-4 || — 10, 10, 10 
25 || 39.6| 8-4 || 29-475 | 41-6] 40.1| 88 || 29-484] 41.4] 38-6] 79 |) -110] 3.5 | 01 || 4, 4, 8, 7 
26 || 37-6| 3-4 | 29-614/ 38-8| 37-6] 90 || 29.640| 40.5| 37-3| 76 0-3} 00'| — 14, 2, =a 

28 || 38-7 6-6 || 29-094) 42-0} 40-8] 91 |) 29-067] 39-0|=37-3| 87 || 066]; 0-2 | 0-0 || 24, 27, — — | 
29 || 36-2 2-3 || 29-270} 40-0] 38-3 87 || 29-354] 38-8] 36-5] 82 0-2) 0-0 ||— — 4, 24 

30 || 46-0 7-9 || 29-162] 47-3) 45-9} 91 || 29-231] 49-6] 45-8} 76 |} -044]| 3-1 0-4 || 20, 22; 22) 24 
31 || 47-5 G3 1292535 | SOs asa ll USSs litee sete leceeeetiiee ee hore 

* See Introduction for a description of the methods by which these means have been obtained. 



Civil Day. 

Nov. 

Dec. 

Daity METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DECEMBER, 1850. 

Calculated 
Daily Means.* 

Ne Sis 
ee Clouded 

53-6| 10-0 
51-7| 6-4 

Atel’ | OBA 
49:0| 5-5 
46-0} 6-2 
49-0} 9-5 
44.1| 0-7 
45.4| 9-5 

53-5| 9.4 
AOaN 5:5 
sites 6-5 

30-5| 0-7 
31-8] 10-0 
44.6| 6-7 

47-8| 8-9 
44.3| 10-0 
38-2| 7.7 
41-4| 9.6 
45.6| 6-9 

43-5| 54 
39-4] 10-0 
32-6] 1-4 
93-9| 0-5 
32.2] 8-7 
23-6} 0-1 

42:7) 10-0 
43-5| 9-5 
46-3) 6:5 
49-3} 10-0 
47-3| 1-0 
37-5| 0-2 

29:0| 0-0 
97-4| 3-5 
36-9| 7-5 
42.0| 1-6 
43.3] 9-2 
38-3| 6-3 

39.2| 3.5 
34-7| 8-1 
28.71 0.4 
29.5} 1-5 
27-9| 5.2 
41.2| 8.4 

43-4| 9-1 
43-6| 10-0 
Aba 19.6 
46-2| 8.9 
AG) wed 
42.3) 0-6 

43.2} 8-5 

11 A.M., Gottingen = 
102 10™ a.m., Makerstoun 

Mean Time. 

Barom. 

at 32°. 

29-466 
29-448 

29-165 
29-312 
29-631 
29.494 
29-451 
29-933 

29-624 
29-781 
29-811 

Tem. 
of 

Air. 

Tem. 

of 

Evap. 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

Rel. Rel. 
Hum Barom am oR Hum 

Satur | 32!) air, | ava. | Stas 
89 || 29.467| 53-1| 53-0] 99 
79 || 29-449] 50-0} 48-3 89 

81 29.291] 42-6) 38-9| 74 

79 || 29.392] 48-2) 43-9 72 

82 || 29-680} 47-0] 45-5 90 

94 29-259} 49-0} 47-8 92 

70 29:664| 44-8] 40-9 73 

97 || 29-838] 54-0] 52-1 88 

84 || 29-619] 53-4) 49-5 77 

83 29-821} 43-2) 41-3 86 
92 Hoccooe: | bec borell lCOso DoS A000 

89 30-059 | 31-1} 36-2 92 

93 || 29-898] 34-8] 34-6 97 

99 || 29-656 | 42-6] 40-9 88 

83 28-286| 46:2) 44-5 89 

93 || 28-956] 44:0] 42-9 92 

94 29.412| 35-2] 35-1 99 

94 || 29-114] 46-2) 44-3 87 

78 28-983] 44-2] 42-1 85 

Thr 28-553 | 43-8) 42-3 89 

95 29.282) 39-8} 38-7 92 

77 || 29-794)| 32-2} 29.9 80 
97 30-068 97-6 ainlete’ateml|"ajarastele 

82 || 30-040 | 34-2) 32-5 84 

96 || 29-952] 24-8) 24-7 98 

92 || 29-798| 47-2] 46-5 95 

95 29-728 | 42-2) 41-3 93 

100 29-784] 45:0] 44-1 93 

98 29-903] 53-0] 52-1 94 

83 30-127 | 47-2} 45-9 91 

97 30-068 | 40-5} 39-5 92 

95 30-114] 29-5} 29-4 99 

91 29-844 | 30-7) 30-0 94. 

87 29-497 | 41-8} 40-9 93 

88 29-532) 41-2} 39-9 90 

87 29-255 | 44:2| 42-5 88 

89 || 28-758} 41-0] 40-3 95 

87 || 28-634] 37-6| 36-3 90 

98 || 28-753! 33-0] 32-5 95 

89 29-134| 26-4| 26-4} 100 

99 || 29-561] 32-8} 31-2 87 

92 || 29-969 | 29-8} 29-0 92 

83 29-856] 41-0] 39-1 85 

87 || 30-206] 44-0} 42-9 92 

93 29-803 | 42-8} 40-7 84 

70 29-624| 44-6] 41-7 80 

87 29-876| 44-8| 43-1 88 

90 || 29-803 | 45-5} 41-3 @ 

72 || 29-831] 42-2} 38-5 72 

91 29-109! 49-2| 49-1 99 

Rain 
in 

. Inches, 

023 

-150 
-050 

-142 
-016 

-028 
-190 
015 

-055 

sevens 

Force of 

Wind. 

Max. |Mean.* 

2-4 | 0-5 

2-5 0-4 

7-0 1:9 

4-8 2-1 

3-8 0-6 

6-8 2-3 

5-5 2:3 

0-9 | 0-2 

1-5 0-3 

2-2 | Ol 

0-1 0-0 

0-4 | 0-0 

0-1 0-0 

0-6 0-1 

2-7 0-4 

3°3 0-9 

1-2 0-0 

0-3 0-0 

1:8 0-3 

4-2 0-5 

12 | 0-3 

1-4 0-2 

0-3 0:0 

0-4 0-1 

0-2 0-0 

0-5 0-1 

0-2 0-0 

0:7 | 0-0 

2-7 0-2 

0-9 0-0 

0-2 | 0-0 

0-0 0-0 

0-0 0-0 

1-0 0-0 

1-7 | 0-6 

2-3 0-6 

5-1 0-6 

3-8 0-7 

0-8 0-1 

0-8 0-0 

0-0 | 0-0 

0-0 0-0 

0-9 0-4 

2-5 0-5 

3-0 0-5 

5:3 2-5 

1-6 | 0-4 

3-1 0-6 

5:0 | 2-7 

4-2 | 0-2 

* See Introduction for a description of the methods by which these means have been obtained. 

73 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20h, 23h, 2h, 5h, 

16, 
22, 

22, 
25, 
22, 
20, 
24, 

Pe 

OE: 



74 

Civil Day. 

Jan. 

Feb. 

DAILy METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1851. 

Calculated 

Daily Means.* 

vee” | Sky 
AG. clouded. 

49-0| 9.4 
41-0| 5-7 
30-31 0-0 
SiO) 0. 7-1 

35-9| 8.2 
29.0} 10-0 
34.4] 9.9 
35-6| 4-0 
42:7\ 7.8 
49:0| 10-0 

47.9| 9.8 
45-7| 10-0 
42-1] 10-0 
40-51 6-2 
41-1} 4.0 
37-2| 6-1 

45-7| 10-0 
36-3| 3.4 
37-7| 5.0 
39-2| 5-0 
38-9| 5.0 
36-8| 10-0 

36-9| 7-7 
39-4| 6-1 
46-3| 9-7 
35-4 4.9 
39.61 64 
37-5| 6-9 

36-0| 9.8 
34-7| 1-0 
43-6| 9-6 
39-4| 2.0 
35-9| 9.4 
41-3| 0-7 

43-5| 10-0 
45.6| 85 
39-7| 10-0 
35-7| 4:5 
41-6| 10-0 
44.0] 88 

41-1} 6-2 
47-0| 10-0 
49-8| 85 
40-5| 4.0 
37-71| » 05 
32-3| 2.9 

33-4] 10-0 
38-3| 9-7 
36-4| 9.2 
34-3| 6-6 
35-0| 8-1 

11 A.M., Gottingen = 
104 10™ a.m., Makerstoun 

Mean Time. 

Rel. 

pert an ‘ Da as 
at 5 : atur, Air. | Evap. —100. 

29-127| 49-0} 47-1 88 

29-299 | 42-6} 40-5 85 

29-818} 31-7| 31-4 97 

29-598 | 28-9} 29-0} 100 

29.422) 36:7) 35-8 92 

29-269 | 26-1] 26-4} 100 

29-219 | 34-2] 34-2) 100 

29-439 | 36-2) 33-8 80 

29-534) 37-8| 37-8} 100 

29-638 | 49-0} 47-9 93 

29.240) 49-0] 46-5 84 

29-107 | 47:0] 45-3 88 

28-870 | 40-6} 38-9 87 

29-232) 39-0] 36-8 83 

29-047 | 41-8] 38-8 fi 

29-578 | 36-7| 35-8 92 

29-228 | 45-3] 43-9 90 

29-045 | 37-8] 35-8 84 

29-316 | 39-0) 36°5 81 

29-999 | 38-5| 37-5 92 

29-907 | 40-8] 38-8 84 

29-619| 37-0] 36-3 94 

29-436 | 36-8] 36-3 96 

29.443 | 40-8] 39-5 91 

29-075 | 48-6| 47:3 92 

29-038] 37-4] 35-3 83 

28-927 | 33-4| 32-2 90 

29-423) 35-2} 34-8 97 

29:094 | 36-2] 35-3 92 

29-550 | 36-3) 35-3 92 

29-101] 45-0] 44-3 95 

29-355] 39-2| 35-6 ae 

29-445 | 46-6| 44-8 88 

29-590 | 43-0} 39-3 74 

30-069 | 44-4] 43-3 92 

29-861) 46-7) 46-1 96 

29-804| 44-0] 42-1 86 

29-879 | 36-2) 33-6 79 

29-910 | 42-9| 41-7 90 

29-928} 45:3] 43-1 84 

29-634] 41-3] 40-5 94 

29-341 | 46-3} 45-8 97 

29-246} 53-3} 50-8 85 

29-392) 42-8) 38-9 The 

29-663 | 40-6 | 37-8 79 

29-801 | 30-4) 30-0 95 

29-670} 37-2} 35-9 89 

29-834} 41-0| 37-3 Ue 

30-246 | 38-5] 34-9 72 

30-279 | 38-0] 35-3 78 

30-245 | 34-81 32-5 80 

5 P.M., Gottingen = 
45 10™ p.m., Makerstoun 

Mean Time. 

em. | Tem. Rel 

Beal ake oa Air. | Evap. 100. 

29-121 | 48.2| 46-3] 88 
29-469 | 39.2| 38-3 93 

29-797 | 31-8 | 31-4 97 

29-464 | 37-2| 36-5 94 

29-411} 37-2| 36-7 96 

29-141] 31-1} 31-2] 100 

29-140 | 36-6} 35-5 91 

29-625 | 33-6] 32-6 91 

29-558] 47-8| 47-1 95 

29-592) 48.2] 48-1 99 

29-132] 47-5] 45-8 89 

29-042| 47-0| 45-1 87 

28-805 | 44-6} 42-5 86 

28-876 | 45.0] 43-3 88 

29-122] 41-0} 38-1 78 

29-671 | 39-2. 37-5 86 

28-957 | 46-5] 44-9 89 

29-076 | 35-5 | 33-8 86 

29-562 | 37-2| 35-8 88 

30-005 | 41-3} 40-1 90 

29-562) 37-0} 36-3 94 

29-568 | 36:0| 34-9 91 

29-358 | 38-5] 37-3 90 

28-957 | 46-5] 44-3 86 

28-988 | 34-0] 32-9 91 

29-005 | 36-7 | 35-3 89 

29-407 | 37-0) 35-8 90 

29-111] 39-5| 38-3 91 

29-598 | 38-0| 35-6| 81 
28-894! 48:5] 46-8 89 

29-645 | 39-2] 34-9 67 

29-352 | 48-6| 46-9 88 

29-795 | 43-:5| 40-9 81 

30-005 | 45-0} 43-8 91 

29-872 | 46-3] 46-1 98 

29.777 | 37-2| 36-9 97 

29-856 | 38-0] 35-1 77 

29-906 | 44-6| 43-5 92 

29-925 | 46.5 | 43-6 80 

29-635 | 45-7] 42-3 77 

29-270 | 50-3) 48-3 87 

29.201} 51-0] 48-7 86 

29-425 | 44-0} 38-8 64 

29-696 | 44-2] 39-6 69 

29-740 | 42-2) 38-1 70 

29-640) 41-8} 40-3 89 

29-907 | 39-2| 36-5 78 

30-267 | 38-6} 35-3 74 

30-257 | 37-6 | 35:5 83 

30-112 | 40-2} 35-9 68 

“112 

-192 

115 
-310 

Force of 
Wind. 

Max. |Mean.* 

4:0 | 0:8 
6-9 | 0-1 
0-1 | 0-0 
0-4 | 0-0 

0-1 | 0-0 
0-0 | 0-0 
0-2 | 0-0 
4:3 | 0-7 
0-3 | 0-0 
2:5 | 0-4 

2:7 | 1-2 
2-2 | 0-8 
3-2 | 0-5 
5-0 | 2-0 
4-2 | 0-7 
2:0 | 0-1 

4:3 | 2-6 
4-4 | 0:3 
3-2 | 0-9 
1G) ED COT 
1) ae Oo 
1-1 | 0-2 

1-8 | 0-0 
2-5 | O-L 
3-7 | 1:5 
1-6 | 0-5 
0-4 | 0-1 
1:7 | 0-4 

1-8 | 0-2 
0-3 | 0-0 
3-3 | 0-3 
3-7 | 0-9 
5:0 | 1:5 
4-3 | 1-1 

1-1 | O-1 
1-2 | 0-1 
1-0 | 0-0 
0-1 | 0-0 
0-7 | 0-1 
2-7 | 0-3 

1-6 | 0-3 
5-2 | 2-1 
5:0 | 2-4 
3-8 | 0-6 
0-9 | 0-0 
0-1 | 0-0 

0-3 | 0-0 
1-3 | 0-6 
15 | 0-3 
0:9 | 0-3 
1-7 | 0-2 

* See Introduction for a description of the methods by which these means have been obtained. 

% 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20%, 23, 2b, 5b, 

20, 20, 
18, 

ee 



Dairy METEOROLOGICAL OBSERVATIONS DURING MARCH AND APRIL, 1851. 75 

11 a.M., Gottingen = 5 P.M., Gottingen = 
Calewlated 105 10™ a.m., Makerstoun 4h 10m PM, Makerstoun te ge 

Daily Means.* Mean Time. Mean Time. Direction of Wind 
4 at the following 

=a Rain Hours, Gottingen 
a Rel. a Mean Time. Tem. Tem. | Tem. i Tem. | Tem. men 

of of | Hum. of of | Hum. |/nenes. . |Mean.* 
a clouded. ir. | Evap. | 52tur- Air. | Bvap. | S2tur- 

= 100) P| 100. 20h, 23h, 2 

Civil Day. 

33-9 39-5 

40-1 46:0 
41-7 
45-2 
35-9 
32-7 
39:5 

36-7 

bo to COOOL 

* See Introduction for a description of the methods by which the:e mcans have been obtained. 



76 DaILy METEOROLOGICAL OBSERVATIONS DURING MAy AND JuNE, 1851. 

11 a.M., Gottingen = ee 105 10™ a.M,Makerstoun 
aly ans. Mean Time. 

Civil Day. 
7 Tem. 

Wi 
ee clouded. 

29-828 
29-347 
29-528 
29-321 
29-394 
29-642 

29-585 
29-465 
29-602 
29-266 
29-528 
29-738 

29-298 
29-877 
30-008 
29-640 
29-797 
29-599 

29-899 
29-922 
29-859 
29-887 
29-977 
29-927 

29.928 

5 P.M., Gottingen = 

4b 10™ p.m., Makerstoun 
Mean Time. 

29-428 
30-016 
29-820 

29-786 
29-484 

29-934 
29-892 
29-870 
29-894 
29-930 
29-871 

29-890 

Rain 

in 

_ | inches. 
Max. |Mean,* 

a ne 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 

20%, 23h, Ob, 5b, 



Civil Day. 

July 

Aug. 

Daity METEOROLOGICAL OBSERVATIONS DURING JULY AND AveGusT, 1851. 

11 A.M., G6ttingen = 
Calculated A 10> 10™ a.m., Makerstoun 

Daily Means,* Mean ‘Time. 

Tem. Tem. | Tem, | Bel. 
Sky Barom., f £ Hum. 

At clouded.|| at 32°. < o 

63.2| 7.0 || 29-832] 71-6| 61-1| 55 
51.4| 10-0 || 29-927| 56-7| 53-5| 81 

5 P.M., Géttingen = 
4h 10™ p.M., Makerstoun 

Mean Time. 

Tem, | Tem, Rel. 

res ne 2 auces Air, | Evap. 00. 

29:753| 76-3| 65:3| 56 
29-979 | 52-2) 50-6 89 

29-981 | 54-4] 48-1 63 

29-767 | 63-4} 56-2 65 

29-721) 63-1} 55-5 62 

29-635 | 59-6 | 58-5 94 

29-589 | 57-9) 53-3 75 

29-422 53-8! 50-5 81 

29-616 | 54-3} 47-3 60 

29-700 | 57-5 | 56-0 91 

29-492 | 61-8} 60-4 92 

28-830 | 56-2} 52-9 81 

29-318 | 57-2) 50-5 64 

29-525 | 58-7] 51-9 64 

29-632) 60-3| 54-2 68 

29-566 | 58-7} 53-9 74 

29-616 | 60-6| 53-5 64 

29-773 | 59-4| 55-4] 78 

29-532 | 57-5 | 52-8 74 

29-405 | 57-4] 50-0 60 

29-347 | 55-9| 51-7 76 

29-407 | 61-9| 58-6 83 

29-374 | 64-4] 60-3 80 

29-558 | 56-1] 55-7 98 

29-822 | 55-2) 54-6 96 

29-475 | 63-5| 61-6 90 

29-536 | 61-1} 55-2! 70 

29-713 | 62-3) 56-8 72 

29-991 | 64-6) 55-9 58 

30-121 | 66-1} 59-4 68 

30:093 | 70-3| 59-6 53 

30-047 | 58-7| 54:9} 79 

29-954 | 59-8} 55-6 77 

29-880 | 57:0| 52-8 76 

29-808 | 61-3! 58-2 83 

29-738] 71-5| 65-2 72 

29-591) 66-7) 62:3 79 

29-437 | 57-9| 57-2) 96 

29-599 | 67-2) 60-7 69 

29-729 | 59-9} 56-0 79 

30-013 | 57-1} 50-8 65 

29-949 | 63-3] 59-2 79 

29-890 | 63-8| 59-2 U0 

29-524 | 68-6] 63-4 76 

29-492 | 63-4| 60-8] 87 

29-461 | 54:4} 52-5 89 

29-788 | 57-0} 50-4 64 

29-354 | 60-6| 58-7 90 

29-504| 57-7)| 53-2 75 

29-457! 57-7| 50-:0| 59 

29-708 | 53-1] 48-0 70 

29-974 | 56-6! 50-2} 64 

— 

_ ||Inches. 

358 

-397 

-182 

-040 

7052 
-450 

-420 

-250 
-122 

-468 

-280 
-435 

121 

“O19 
028 

-870 
-140 
-058 

Force of 

Wind. 

Max. |Mean.* 

0-2 0-0 

1-6 0-6 

1-8 0-4 

0:5 0-1 

0-2 0-1 

0-4 0-1 

1-2 0-4 

0-6 0-0 

0:5 0-1 

2-0 0-4 

1-5 0-6 

4.0 1-2 

4:0 0-5 

1-3 0-0 

0-2 0-0 

0:3 0-0 

0:4 0-0 

2-0 1-2 

1-2 0-0 

0-4 0-1 

0-6 0-2 

0-9 0-5 

0-2 0-1 

1-6 0-3 

1-8 0-0 

1-1 0-1 

0-4 0-1 

0-3 0-0 

0-8 0-0 

0-1 0-0 

0-2 | 0-0 

0-1 0-0 

0-4 0-1 

0-2 0-0 

0-1 0-0 

0-1 0-0 

0-2 0-0 

0-4 0-1 

0-4 0-0 

0:3 0-1 

0-6 0-0 

0-2 0-0 

1-8 0-1 

2.2 0-0 

2-7 0-8 

1-3 0-2 

2-6 0-1 

1-0 0.2 

2:5 | 0-2 

2-8 0-2 

2-8 0-1 

3:3 0-1 

0-8 0-0 

* See Introduction for a description of the methods by which these means have been obtained. 

(7 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time, 

23h, Qh, 5h, 

— 

bob - po or to 

Slrwol as 



78 DatLy METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OCTOBER, 1851. 

Civil Day. 

Sep. 

Oct. 

mes Sky 
Aas. clouded. 

57-71 10-0 
63:7| 5-9 
64-4] 5-1 
54-1] 8-3 
48-7| 3-9 
48-0| 4.4 

50-7| 7-2 
48.8| 3-2 
51-1| 3-7 
52-1] 0-6 
51-7| 0-6 
52-4| 0-5 

54.3| 5-2 
50-0! 2.7 
ATT |) GQio 
50-3} 9-8 
49:2| 8-0 
52:6| 5-4 

53-2| 7.2 
57-2| 9.0 
55:3| 8-6 
44.5| 10-0 
40-:7| 10:0 
44.5| 10-0 

47-6| 8-7 
50-8| 9.3 
50-9| 3-7 
49.6| 4-7 
51-0| 9-7 
49-7| 5-7 

45-7| 5-5 
47-7 6-7 

a7 a5 
46-6| 10-0 
53-0! 9.0 
56:0} 81 

52:3| 7-0 
49.4| 4.9 
45-5| 3-4 
AO 4 7 
44-8| 4-0 
52-5| 10-0 

52-1] 10-0 
54:3} 10-0 
53-9| 10-0 
52-1| 10-0 
45-4| ,1-1 
47.4 tr 

ARG ¢1:6 
47-9| 8-9 
39:3 | 87 
39-2| 7-5 

39-4] 8-9 

Calculated 

Daily Means.* 

11 a.M., Gottingen = 
104 10™ a.m., Makerstoun 

Mean Time. 

Tem. | Tem. Rel. 

Air. | Evap. OG 

29-884 | 62-3] 59-9| 87 
29-859| 65-6} 61-4| 79 

29-939] 68:9] 63:5] 75 

29-943 | 59-1] 55-1 79 

30-:092| 53:3} 49-2| 75 

30-255 | 51-8] 47-0} 71 

30-383 | 56-8) 50-9| 67 

30-295 | 52-1} 51-9] 98 

30-277| 57-0| 52-4] 74 

30-241) 57-2} 52-4] 73 

30-183 | 57-2] 54-0] 81 

30-112] 57-1] 51-9} 71 

30-361 | 57-6} 54-5} 83 

30-416 | 52-6} 50-8} 89 

30-385 | 50-2] 48-5 89 

30-171 | 53-2] 50-2] 82 

29-941 | 51-4} 48-7} 83 
DO OOM PAR D | wic:casie)|l\ eee « 

29-765 | 59-6} 56-7| 84 

29-931] 60-3] 56-7| 81 

29-866 | 59-9} 57-4| 86 

29-458 | 46-3} 45-2} 92 

29-335 | 43-8} 42-5 91 

29-371| 47-0] 45-8] 91 

29-481 | 53-6] 47-6] 66 

29-016] 52-5| 50-3] 87 

28-873 | 53-5] 49-0| 74 

28-932] 53-8} 49-1 73 

29-215] 52-9| 50-8] 87 

29-060 | 53-8} 51-8| 88 

29-264] 48-3] 45-1 79 

29-064} 50-2} 48-8} 91 

29-467 | 50-6] 45-3] 69 

29-550| 46-7| 44-7} 86 

29-669) 55-9} 52:0| 78 

29-708 | 59-1} 56-2} 84 

29-514) 57-5 | 54-5 83 

29-525 | 52-7| 48-9| 77 

28-943 | 47-8] 45-3] 84 

29-126 | 45-2] 42-5 81 

29-523 | 46-2) 43-3] 80 

29-415] 55:8} 53-9] 89 

29-806| 52-8] 51-4] 91 

29-784! 56-1] 54-7| 92 

29-799 | 53-6] 51-8] 89 

30-070 | 54-6] 53-1 91 

30-204 | 45-8} 45-7] 99 

30-164 | 47-0} 46-8} 98 

29-916 | 52:0) 47-5] 72 

29-562| 53-3|.48-8/ 73 

29-182} 38-0} 37-9] 99 

29-609 | 41-2] 40-6] 95 

29-387 | 41-21 39-51 87 

5 P.M., Géttingen = 
4h 10" p.m., Makerstoun 

Mean Time. 

Tem. | Tem Rel. 

a 320, | go | oF Bete Air. | Evap — 100. 

29-832| 62-2} 60-3 90 

29-849 | 71-5} 65-2 W24 

29-926 | 67-2] 62-5 77 

29-918] 56-6] 52-3 76 

30-114] 53-9} 48-8 70 

30-273 | 52-3 47-2 69 

30-354 | 55-2) 50-0 70 

30-237 | 58-3| 57-3 94 

30-238 | 62-2) 55-0 64 

30-185 | 64:8) 56-1 58 

30-118 | 65-8] 58-7 66 

30-089 | 64-5 | 58-4 70 

30-371] 62-1| 57-3 75 

30-377 | 60-3] 56-3 78 

30-321) 54-9| 52-2 84 

30-083 | 54-5} 50-9 79 

29-860} 54-5] 51-0 79 

29-880 | 60-6| 54-5 68 

29-756 | 59-4| 57-8 91 

29-962 | 58-9} 57-9 95 

29-738 | 57-6| 55-5 88 

29-491] 42-5} 42-3 98 

29-316] 42-8} 42-9] 100 

29-486 | 48-4] 46-4 87 

29-336 | 51-2| 47-5 77 

28-944 | 56-4] 54-0 86 

28-895 | 49-2| 42.2 57 

29-038 | 56-1) 50-2 68 

29-204| 55-7] 51-8 78 

29-096} 51-4} 46-5 7A 

29-345 | 47-5| 44.2 79 

29-146| 49-2] 44-9 we 

29-536 | 50:6] 45-5 69 

29-494} 52-4] 49-5 82 

29-740] 55-4] 50-2 70 

29-650 | 57-7| 54-7 83 

29-592| 52-4) 46-2 63 

29-520| 50-6| 46-5 74 

28-951 | 46-0} 41-5 (fu 

29-219| 46-2) 42-6 76 

29-543 | 49-0] 44-3 70 

29-423) 56-6| 54-4 87 

29.760 | 56-1} 55-3 95 

29-730) 56-1} 53-2 83 

29-843 | 56-7} 54-0 84 

30-074| 55:6| 53-5 88 

30-178 | 52-3] 50-3 87 

30-124} 50-4] 49-3 93 

29.964 | 47-2} 45:8} 90 

29-297 | 47-0 | 43-3 76 

29-171 | 40-8 | 37-6 76 

29-633 | 40-0) 37-9 84. 

29-2461 43-4] 42-4 93 

023 

-060 
503 

1-040 
+3590 

172 

238 

-076 

“118 

-178 
-040 

+130 
-410 

Force of 

Wind. 

Max. |Mean.* 

1-1 | 0-0 
0:3 | 0-0 
0:3 | 0-0 
0-2 | 0-0 
0-8 | 0-1 
0-2 | 0-0 

0-2 | 0-0 
0-2 | 0-0 
0-0 | 0:0 
0-0 | 0-0 
0-0 | 0-0 
0-1 | 0-0 

0-2 | 9-0 
0-1 | 0:0 
0-0 | 0-0 
0:0 | 0-0 
0-0 | 0-0 
0-0 | 0-0 

0:5 | 0-1 
0-1 | 0.0 
0-2 | 0-0 
3:0 | 1-5 
8-7 | 3-3 
4:5 | 0-3 

0-5 | O-1 
4:2) 1:0 
4-2 | 0-3 
2-4 | 0-1 
0-2 | 0-1 
1:0 | 0-1 

1-7 | 0:5 
5:0 | 1-1 
3-0 | 0-4 
0-4 | 0-0 
0:3 | O-1 
3-8 | 1-5 

3-0 | 0-9 
1:7 | 0-5 
3-6 | 0-4 
1-0 | 0-0 
0-3 | 0-0 
3-1 | 0-8 

0-2 | 0-0 
0-2 | 0-0 
0-0 | 0-0 
0-0 | 0-0 
0-0 | 0:0 
0-2 | 0-0 

2:2 | 0-3 
3:0 | 0-7 
4-2 | 1-1 
o:5 | 0-3 
0-3 | 0-0 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20h, 23b, Qh, 5h 



DAILY METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DECEMBER, 1851. 79 

Civil Day. 

Calculated 
Daily Means.* 

of 

Air. 

y 
clouded. 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Tem. 
of 

Tem. 
of 

Evap. 

Rel. 

Hum. 

Satur. 

= 100: 

5 pP.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

29-601 
30-024 
30-033 
30-110 
30-354 
30-315 

30-235 
30-089 
29-824 

Force of 

Wind. 

Mean.* 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 

Hours, Gottingen 

Mean Time. 

20h, 23h, gh, 5h, 



80 DaiLy METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1852, 

Civil Day. 

Jan, 

| Feb. 

Calculated 
Daily Means.* 

em. 

aes clouded. 

Oo 

40-2 9-8 

38-3 6:0 

37-1| 10-0 

40-2} 10-0 

46-4 9-3 

38-7 8-2 

39:2| 10-0 

34-1 8-7 

29-4 1-9 

40-6 5:9 

28-0 3:7 

33-8} 10-0 

42.5 9-6 

41-3 5:4 

39-3 2-7 

41-8] 10-0 

45-9 9-8 

38-9 7:8 

38:8 7-0 

37-7 4.4 

43-6 9-7 

40:3 6-2 

41-7 9-4 

33-2 1-9 

42-4} 10-0 

38-7 5-4 

38-4} 10-0 

46-5| 10-0 

37-9 2-9 

45-3} 10-0 

41-8 9-9 

38-5 4-7 

41-1 9-1 

37-3 6-2 

36-2 3-7 

34-6 8-2 

40-4; 10-0 

35-0 8-5 

37-9 9-2 

37-9 9.2 

46:3 9-6 

34:2 3:3 

29-8 3-5 

28-5 4-4 

38-0 3:6 

39-4 8-2 

30-5 0-5 

28-4 4-9 

35-2 9:8 

40:3 4-7 

38:3 7-4. 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Rel. 
Barom. ea ae ae 
at 32°. . atur. Air. | Evap. — 100. 

29-593| 42.0| 40-9| 92 
29-233) 39-3] 36:6| 79 
29-200) 37:0] 35-8| 90 

29-607| 36-5| 34-9} 87 
29-344] 47-0] 43-3) 76 
28-846 | 39:0] 36:9] 84 
29-144 36-9} 36-9} 100 
28-609 | 31-3] 30-3] 92 
29-362) 38:3| 37-6] 95 

28-663 | 41-6} 39-9] 88 

29-376 | 28-8} 28-1| 94 
29-511) 30-1) 29-5] 95 

29-019 | 42:5} 41-3] 91 

29.296} 43-2} 41-3] 87 
29-663} 40-8} 38-5} 83 

29-711] 42-6} 39-6] 78 
29-294! 47-6} 46-3] 92 
29-338| 38-0] 35:9} 84 
28-602) 39-3] 36-7] 80 
29-023] 37-8} 35:9| 85 
28-883 | 44:0] 42-8} 92 

29.548 | 39-6] 37-6| 84 
29-049] 44-8] 42-1] 82 
29-589! 33-0] 32:3|] 94 
29-537 | 41:0} 39-5| 88 
29-061 | 40-2] 38-3] 86 

29-442 39-0} 37-9| 91 

29-386 | 49-2} 49:0) 99 

29-497 | 41-0| 37-8! 76 
29-217 | 46-5] 45:3] 92 
29-297 | 42-8} 40-3] 82 
29-388 | 39-6] 37-6| 85 
29-701 | 40-3} 40-3] 100 

29-008 | 38-3] 35-3| 77 i 
29-750) 38-3] 35-1] 74 
29.832) 35-3] 33-3] 83 

29-515 | 42-2} 40-5 87 

29-346| 35-0} 33-9| 91 
29-788 | 37-6] 36-5} 91 

29,587] 38-0} 37-1] 93 
29-382) 49-3} 47-3] 87 
29-310] 37-2| 32:5) 63 
29-746 | 31-8] 29-5] 81 
30-014| 29-8} 27-8| 82 

29-988] 40-3] 37-3! 77 

30-526] 41-0} 39-6) 89 
30-520] 31:3] 31-1} 98 
30-371 | 26-1] 25-5} 94 

30-370} 37-3| 34:5} 77 
29-:977| 41-0) 38-6} 81 
29-487 | 40-6! 36-5| 70 

5 P.M., Gottingen = 
45 10™ p.M., Makerstoun 

Mean Time. 

- Rain 
in 

Barom, Bea Loe aie Inches. 
at 32°. o E Be Satur. : ir. | Evap. |") 60. 

29.478 | 39-3| 37-6| 86 
29-225 | 36:8) 35-6] 90 

28-937 | 41-8] 41-1 95 

-290 

29-461] 46-0] 45-6| 97 

29-203) 45-6] 40-5] 66 4] -030 

28-981] 40-6] 37-6| 78 

28-679 | 43-6} 42-6] 93 || -408 

28-820 | 33-6| 32-8] 93 || -358 

29-389 | 25-7| 24-3! 86 

28-669 | 39-0} 36-9| 84 || -255 

29-430] 28-4} 28-1 97 

29.439] 39-0] 37-9} 91 

29-074| 44-6| 41-6} 80 || -158 

29-395 | 42-0] 39-3] 81 || -120 

29-794 | 38-2) 37-1 91 || -414 

29-599 | 42.2} 40-5] 87 

29-262) 43-2] 42-5] 95 

28-861] 42-4) 41-1 90 || -116 

28-554] 41-0] 37-9] 77 || -390 

29-169} 39-8} 39-1 95 

28-872] 45-2} 42:9| 85 || -078 

+192 

29-469 | 43-6} 42-3 90 || -130 

29-112} 40-6} 38-3} 83 

29-680 | 36-4} 35:0} 88 || -038 
29-479 | 46-6| 45-5} 93 

wialepisletteha Siatotoleel liro/einimleta'll| frat claret -383 

29-225) 37-6| 36-7| 93 || -010 

-267 
29-337 | 44-8] 44:3] 97 || -128 

29-527| 38-3] 34-9] 73 || -580 

29-142] 50-2] 49-6} 96 || -160 

29-171 | 42-2] 40-4] 87 || -385 

29-591] 41-0} 37-3] 72 || -056 

29-624 | 44-0] 41-3] 81 

-060 

29-075| 36-0| 32-3] 70 || -090 

29-847 | 37-8| 33-5] 66 028 

29-751] 41-0] 38-9} 84 

29-412) 41-8] 40-2] 88 028 

29-426 | 38-0] 36-3] 86 038 

29-758 | 42-4] 39-9) 81 

29-494] 41-0} 39-3] 87 || -215 

29-407 | 36-0] 31-9| 69 

29-858 | 32-2| 31-3] 92 

29-962) 33-8] 30-6] 74 

30-081] 41-8] 38-6} 76 

30-514] 45-2} 43-3] 86 

30-413 | 38-0| 34:9] 75 

30-368 | 36-2| 33-3| 76 || -020 

30-234] 36-5| 33-9} 78 

29-826) 44-8} 41-3] 75 

29-4501 37-81 32-7] 60 

Force of 
Wind. 

Max. |Mean.* 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

205, 234, 2h, 5h, 



Dainty METEOROLOGICAL OBSERVATIONS DURING MARcH AND APRIL, 1852. 81 

11 a.M., Gottingen = 5 P.M., Gottingen = 
10% 10™ a.m., Makerstoun 45 10™ p.m., Makerstoun 

Mean Time. Mean Time. 

Calculated 
Daily Means.* 

Force of 
Wind. Direction of Wind 

at the following 
Hours, Gottingen 

Mean Time. 

Rain 

Rel. || im 
Sky : Tem. <a Tem. s " Inches. 

Civil Day. 

clouded. 
: 

20h, 23h, Qh 6h, 

30-303 
30-213 
30-152 
30-074 
29-985 
29-807 

29-745 
29.749 
29-869 
29-856 
29-594 
29-377 

29-314 
29-144 
29-624 
29-915 
30-054 
30-155 

29-978 
29-988 
30-114 
30-094 
30-123 
29-984 

29-975 
30-015 
29.994 
29-961 
29-882 
29-667 

29-764 
29-752 
29-738 
29-715 
29-886 
29-996 

30:023 
29-953 
29-615 
29-406 

42-9 | 100 || 29-433 

* See Introduction for a description of the methods by which these means have been obtained. 



Calenlated 11 a.m., Gottingen = 5 P.M., Gottingen = Foneatey 

Daily Means. 104 10™ a.M., Makerstoun 4h 10™ P.M., Makerstoun Wind. Direction of Wind 
Mean Time. Mean Time. at the following 

Civil Da Pe Hours, Gottingen 

iin ilies Mem. | Tem. | Rel- Tem, | Tem, | Rel. meh Mean Time. 
Sky Barom, ¢ | Hum. || Barom. of Hum, ||‘nenes x 

of clouded.|| at 32°. of x Satur.|| at 32°. A Satur. Max. |Mean. Air. ; Air. | Evap. | ~ 100. Air. | Evap. SRO. 20%, 23%, Om BR. 

°o ° bo} oO oO : 

May 1 | 44-7 3-9 || 29-626| 47-4] 40-7| 57 || 29-653] 51-6] 44-9) 60 0-7 | 0-0 

3 || 43-1 8-5 || 29-948] 46-3] 45-5] 94 || 29-990) 48-2] 46-1 86 || -060|| 0-7 | 0-3 

4 || 44-9 7:1 30-060 | 48-2} 44-1 73 || 30-037 | 51-0] 46-1 70 0-2} 0-0 
5 || 46-6 9-6 || 30-094| 49-2] 44-9| 73 || 30-077 | 52-2) 46-1 63 0-2 | 0-0 
6 KI-G Jee cee ceee|| coeerecee | ceceee | coeeee | treees sc wcceees | concee | cocces | cence: Oo [teen fe 

7 | 50-7! 10-0 || 29-759} 53-9} 51-3 84 || 29-698) 58-0} 52-6] 71 0-9 0.2 

8 || 54-0 9-6 || 29-654| 58-2} 55-8| 87 || 29-632] 56-2) 53-5] 84 || -040|| 2.91 0.2 

-018 

10 || 51-6 7-3 || 29-354] 54-7| 53-1 90 || 29-264! 55-9} 50-1 68 282|| 5-0 | 0-8 

11 || 45-2 9.7 || 29-272) 47-0} 44-6| 84 || 29-299] 50-0} 46-9! 80 5-0 | 0-8 

12 || 47-4 7-7 || 29-228) 49-7) 46-8] 82 || 29-245) 55-5] 49-5] 67 318}| 3-3 | 0-0 

13 || 50-7 9.9 || 29-271| 56-9} 52-9} 78 || 29-163] 50-0] 50-3} 100 O72 0:8 

14 || 45-1 8.2 || 29-165! 47-6} 46-9| 95 || 29-320} 49-3] 46-5] 82 375 || 2-0 | 0-7 

15 || 49-2 7-0 || 29-668) 50-6] 47-3! 79 || 29-617) 53-4] 49-1 75 1-7 | 0-2 

‘217 

LIZ A Gie}o74 8-4 || 29-505) 55-4] 51-3} 77 || 29-513] 59-6} 53-3| 67 1.2] 0-2 
18 || 51-0 Vik ||| cossbocas |Veeoab.l|.éosoa se sopens 29.677 50-0] 47-7] 85 15 | 0-5 

19 || 44-8} 10-0 |} 29-701 | 49-6) 46-1 78 || 29-675 | 44-3] 44-1 98 062 || 2-1 0-4 

20 || 47-3] 10-0 || 29-866! 50-4] 49-0} 90 || 29-868] 51-8} 49-3] 85 182|| 0-6 | 0-1 

21 || 44-3] 10-0 || 29-858! 47-8} 46-9| 94 || 29-868] 47-2} 43-1 Cz 0-4 | 0-2 

22 || 44-6] 10-0 || 29-960! 47-5| 43-6] 74 || 29-979] 48-0/ 45-5] 83 0-4] 0-2 

24 || 50-7 9.2 || 29-940} 52-6] 48-7| 76 || 29-892] 60-0] 51-9] 58 0-2 | 0-0 

25 || 48-3 7.0 || 29:919| 51-4} 48-3} 80 || 29-907] 50-:0| 48-7] 91 0-2 | 0-0 

264] 45:0] 10-0 || 29-894} 48-0} 48-0} 100 || 29-874] 48-0} 48-3] 100 92.9] 0:3 

97 || 46-4 9-9 || 29-866) 48-2|) 48-3] 100 || 29-828} 50-6} 50-5} 99 1-4 | 0-1 

| 28 || 47-7 9.9 || 29-724| 50-6} 49-1 90 || 29.676} 52-0] 51-3 96 0-9 | O-1 

29 || 43-1 7-4 || 29-560} 48-1] 47-7] 97 || 29-509} 49-2] 48-8} 97 1-] 0-0 

31 || 45-7 8-1 || 29-473 | 49-2) 43-4] 64 || 29-476] 47-0} 43-1 74 038 || 0-5 | 0-1 

June 1 || 47-3 7-9 || 29-530} 51-0} 45-1 64 || 29-506| 53-3] 47-1 64 110}| 0-4} O-1 
2 || 47-3 9.7 || 29-416} 50-8} 47-9| 82 || 29.414} 49-0] 47-1 87 038 || 0-4 | 0-2 

3 || 47-6 7-5 || 29-295] 54-9] 50-1 73 || 29-297] 53-2] 48-8] 74 318]} 0-8 | 0-2 

4 || 54-0 4-4 || 29-448] 58-5] 51-5 63 || 29-490] 57-9| 51-3 64 0-9 | 0-0 

5 || 55-6 6-7 || 29-704) 58-5} 52-5 68 || 29-684! 61-9} 54-8 64 0-2} 0-0 

7 || 50.2 8-2 || 29-609} 54-2} 51-5 84 || 29-596 | 54-0} 51-1 83 032}| 1-2 | 0-3 

8 || 50:0} 10-0 || 29-597 | 53-5] 52-8 96 || 29-585} 52-0] 51-6} 98 1:0 | 0:3 

9 | 48-4] 10-0 || 29-579) 51-2] 50-1 93 || 29-549] 51-0] 49-3] 89 056|| 0.5 | 0-2 
10 || 47-8 9-9 || 29-352} 54-3) 48-5 67 || 29-284! 49-4] 46-6} 83 9.4 | 0-5 

* See Introduction for a description of the methods by which these means have been obtained. 



Civil Day. 

July 

Daity METEOROLOGICAL OBSERVATIONS DURING JULY AND AvuGUST, 1852. 

Calculated 
Daily Means.* 

Sk 
fy eceiih 

57:3 7-9 

56-1 6:8 

61-1 5-3 

72-9 7-2 

65:6 9-8 

64-6| 10-0 

64-2 8-3 

70:0 4-0 

59-4 3-7 

64-6 0-0 

53-3 0-9 

66-3 4-7 

63-0 9-8 

65-8 8-4 

63-3 9-1 

62-2 6-7 

65-7 7:8 

63-2 7-2 

60-8 7-7 
62-8 0-9 

66:3 5:0 

56-9} 10-0 

58-9 6-7 

61-7 4-4 

60-8 9-1 

68-4 8-9 

63-6 6-4 

60:3 9-3 

55-6} 10-0 

56-2 2-6 

58-7 5-6 

56:3 5-0 

56-7 5-9 

57-5 7-4 

57-3 8-6 

56:8 6-3 

54:3} 10-0 

57-1 5-0 

58-6 3-2 

57-3 9:8 

62-1 9-8 

58-4 5-2 

56-2} 10-0 

60-2 4-2 

58-6 5-0 

58-9 8-2 

60-6 9-7 

55-2 8-2 

57-3 1-8 

61-6 6-6 

61-2 6-9 

56-0 6-0 

54-0 5-9 

11 a.M., Gittingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Barom. 
at 82°. 

Tem Rel 

of | Satur 
Ever) = 100) 

52-5| 67 
54-6} 90 

57-7| 66 

69-1| 62 

66-2} 82 

62-4; 90 
60-8| 71 
66:2) 61 

54-5 | 62 

60-1} 68 
58-8} 71 

63-1} 76 

63-9| 77 
63-7| 76 
65-3} 85 

61-9| 74 

64-3| 78 
59-2| 67 
57-6| 83 

57-6| 63 

63-1] 68 

58-4} 98 

60-2} 81 

59-7] 80 

59-9| 83 
66-7] 73 

60-4} 70 

57-2| 67 
55-5| 82 

55-0} 73 

57-0| 76 

57-5| 68 
Diezille 69 

56-8| 80 
55-8| 65 

54-8] 92 

53-9| 64 

55-4] 68 

58-6] 76 
62:7| 71 
56-4} 68 

56-2} 82 

56-7| 75 

59-2] 82 

62:6} 79 
60-0; 80 
53-9} 93 

56-9| 75 

59-8} 70 
60-7; 81 

55-9| 71 

53-1! 70 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

29-645 
29-628 

29-659 
29-750 
29-812 
29-814 
29-694 
29-931 

29-888 
29-827 
29-736 
29-661 
29-621 
29-459 

29-639 
29-667 
29-672 
29-816 
29-860 
29-679 

29-714 
29-928 
29-863 
29-873 
29-840 
29-789 

29-429 
28-932 
29-013 
29-109 
29-002 
28-923 

29-170 
29-262 
29-136 
29-151 
29-354 
29-425 

29-557 
29-444. 
29-570 
29-809 
29-827 
30-047 

30-042 
29-752 
29-627 
29-775 
29-909 
29-780 

29-642 
29-654 

Mean Time. 

Tem. 

of 
Evap. 

Tem, 
of 

Air, 

eeeree | seeces 

°125 
-020 

-040 

+255 
-060 

-015 
-030 

083 
024 

-086 
-794 

-040 
-065 
+262 

Force of 

Wind. 

Max. |Mean.* 

2-6 | 0:8 

3-4 | 1-7 
2-4 | 0-1 

0-3 0-0 

0-2 | 0-0 

0-2 0-0 

0-3 0-1 

1:8 | 0:3 

0-7 0-1 

0-4 | 0-0 

0.4 0-1 

0:6 | 0-1 

0-4 0-1] 

0-3 0-0 

0-5 0-1 

0-7 | 0-1 
1:6 | 0:5 

1:3 0-2 

1-5 | 0:5 

0-9 | 0-1 

0-4) 0-1 

1-5 1-0 

1-2 | 0:3 

0-2 | 0-0 

0-0 | 0-0 

0:3 0-0 

0-4 | 0-0 

0:5 0-0 

1-5 0-2 

1:0} 0-1 

0-4 0-0 

0-8 | 0-0 

0-7 | 0-2 

1-2 | 0-0 

0-6 | 0-1 

0:6 | 0-1 

2-9 | 0-8 

0-8 | 0-2 

0-4 | 0-0 

1-4 0-1 

2-5 0-4 

1-2] 0-2 

0-4 0-0 

0-2 0-0 

0-2 | 0-0 

0-1 0-0 

0-2 | 0-0 

1-7 0-2 

0-4} O-1 

0:3 0-0 

0:3 | 0-1 

0-7 | 0-3 

1-6 | 0-3 

* See Introduction for a description of the methods by which these means have been obtained. 

83 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20h, 23h, 2h, ob, 

23, 
20, 
20, 

22, 
22, 



84 

Civil Day. 

Sept. 

Oct. 

DAILY METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OcTOBER, 1252. 

Calculated 

Daily Means.* 

11 A.M., Gottingen = 
105 10™ a.m., Makerstoun 

ee ceeseee 

Tem, 

Yee sieitaca. 

fo] 

57-1 9:5 

61-5 9-1 

60-5 6-1 

58-1 4-9 

56-6 9.7 

59-0 9-0 

59-8 4-] 

57-3 8-2 

53:3 9-8 

52-6 6-0 

47-1 2-4 

46-0 5:0 

41-9 2-8 

46-2 4-9 

46-2 3-4 

48-0 6-3 

45-7 9.2 

41-5 7:4 

50-4 8-9 

52:5 9-0 

51-2 1-3 

55-5 3-0 

42-1 6-4 
5G-] [scene eee ell weer 

44-3| 10-0 

44-0} 10-0 

41-4 7:2 

40-5| 7-2 

43-4 5-9 

45-3} 10-0 

44-3 6-0 

40-2 3-0 

39-1 2.2 

42-7| 10-0 

45-8 6-9 

42-6 4.9 

46-8} 10-0 

45-5 8-9 

43-2} 10-0 

46-2; 10-0 

43-8| 3-7 
50-9 9-6 

49-3 5-1 

48-0} 10-0 

52-6 9-8 

46-3} 7-1 

40-2 5:0 

36-0 6-9 

43-7} 10-0 

38-2 9.2 

41-9 9.7 

“1-0 yer 

Mean Time. 

se weee | ceenee | o 

eeecee 

44-6 
43-0 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Barom. 

at 32°, 

29-743 
29-974 
29-938 
29-918 

29-766 
29-948 
30-092 
30-007 
29-814 
29-590 

29-661 
29-572 
29-34] 
29-524 
29-575 
29-225 

29-146 
29-775 
29-986 
30-104 
30-108 
29-827 

29-718 

28-957 
29-193 
29-082 
29-103 

29-042 
28-934 
29-344 
29-659 
29-684 
29-624 

30-032 
30-172 
30-144 
30-135 
30-137 
30-112 

30-060 
30-060 
29-876 
29-649 
29-290 
29-347 

29-167 
28-918 
29-139 
29-577 
29-446 
29-336 

Mean Time. 

Tem. 

of 

Evap. 

Tem. 

of 
Air. 

57-4 
59.4 

seeeee | ce eeee eeeree 

+368 

-025 
-070 

-304 
-376 

145 

-162 

Force of 
Wind. 

Max. |Mean.* 

2-1 0-4 

1-3) 0-1 

0-3 | 0-1 

0-4 | 0:0 

0-1 0:0 

1:0 | 0-3 

1-4 | 0-6 

0-8 | 0-3 

0-8 | 0.2 

1-6 | 0-2 

0-8 0-3 

0:5 | 0-1 

0:3 0-0 

0-5 0-0 

0:3 0-0 

0-1 0:0 

0-2) 0-1 

4-8 1-5 

1-8 0-4 

1-8 0-3 

1-5 0-2 

0-8] 0-1 

0-2 0-0 
iiss Bh Sacre 

7-5 1-3 

3:0 | 0-9 

0:5 | 0-2 

0-8 | 0-1 

4-0 0-0 

4-8 0-8 

0-6 | 0-1 

3-5 1-0 

17) 10-5 

0-5 | 0-0 

0:5 0-1 

0-1 0-0 

0-0 | 0-0 

0-0 | 0-0 

0-0 | 0-0 

0-0 0-0 

0:0 | 0-0 

1-6 | 0-2 

1-8 | 0-2 

0-5 0-0 

0-2 | 0-0 

1-0 | 0-0 

0:0 | 0-0 

or a Oo | 

6-0 2-1 

5-5 1-1 

3:5 | 0-4 

1:0 | 0-1 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 

20%, 23b, Ob, 5b, 

18, 
20, 21, 



Da1Ly METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DECEMBER, 1852. 85 

Civil Day. | 

Calculated 
Daily Means.*| 

11 a.M., Gottingen = 
10® 10™ a.m., Makerstoun 

Mean Time. 

5 P.M., Géttingen = 

4h 10™ p.m., Makerstoun 
Mean Time. 

Sky 
ae Clouded. 

Tem, 

of 

Air, 

Tem. 

of 

Evap. 

50:3 
50:8 
46-3 
44-9 
48-3 
44-3 

52-1 
43:3 
34:8 
36-9 
38:3 
38:3 

Tem. 

of 

Stee ween | teens | coer en | we ee ee 

eoeeee | wesc e 

Force of 

Wind, 

. |Mean.* 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind } 
at the following 
Hours, Gottingen 

Mean Time. 

20h, 23b, Oh 5h, 



86 DaILy METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1853. 

Civil Day. 

Calculated 

Daily Means,.* 

Tem. Sky 

Lon clouded. 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Evap. 

ae ee 

43-6 | 42:3 

39-8) 38-1] 
49-3 
38-5 
35-3 
36-9 

41-1 

39-9 
37-5 
36-1 
35:3 
33-9 
34-9 

32-9 
24-6 
39-7 
47-6 
40-3 
34:3 

31-9 
35-7 
35-1 
36-7 
29-2 
27-7 

36-6 
39-3 
36-5 
35-9 
35:3 
35-1 

31-3 
28-4 
32-9 
33:8 
26-2 
22-0 

31-6 

seer ee | wen eee | wees 

5 p.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

Force of 
Wind. 

Max. |Mean.* 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

204, 23h, 2h, 5h, 



Civil Day. 

Mar. 

oP be 

Dairy METEOROLOGICAL OBSERVATIONS DURING MARCH AND APRIL, 1853. 

Calenea 11 a.M., Gottingen = 5 p.M., Géttingen = 
‘ + 105 10™ a.m., Makerstoun 4h 10™ p.m., Makerstoun 

Daily Means. Mean Time. Mean Time. 

Rel. Rel. 

ae “| Sky Barom. ae Z oe Hum. Barom a eee Hum. 

Air, |Clouded.|) at Sai ere Evap are at 32 Air. | Evap ee 

34-6 9-4 || 29-475 36-5 34-6 84 || 29-473 | 37-0] 36-1 92 

34-2 9-7 || 29-212] 37-6| 37-1 96 || 29-326} 34-0} 33-3 94 

31-6 9.3 || 29-816] 33-0] 30-4 78 || 29-807} 35-6} 32-3 72 

34-4 9-0 || 29-754] 36-0} 32-1 68 || 29-679) 41-0} 37-5 74 

37-2] 10-0 || 29-545 | 38-6} 36.8 86 || 29-586] 41-6} 39.3 83 

38-5 1-1 29-727 | 41-2] 38-5 79 || 29-710} 46-0] 41:3 68 

39-8 6-9 || 29-577 | 40-2] 37.9 82 || 29-652] 48-2} 43-1 68 

42-3} 10-0 || 29-764 | 43-0] 41-3 87 || 29-726) 46-6] 44:3 84 

44-4 5-0 || 29-745 | 46:5 | 42.9 76 || 29-902) 51-5} 45-3 62 

42.1 5-7 || 30-009 | 45-0] 43-1 86 || 29-960) 48-5] 44-6] 73 

34-5 7-0 || 29-872] 35-3} 34-1 89 || 29-779 41-6] 38.5 77 

37:9] 10-0 || 29-426) 40-0} 39-9 99 || 29-389 | 39-6} 39-1 96 

35-2} 10-0 || 29-391] 36-0) 35-6 96 || 29-393] 38-0] 37-9 99 

33-3] 10-0 || 29-602] 35-2) 34-7 96 || 29-659] 32-8} 32:5 97 

27:9 8-1 || 29-802] 29-4] 28.7 93 || 29-774 | 30-9} 30-4 95 

27:3 3-2 || 29-981 | 29-4] 29.2 98 || 30-030} 32-0} 31-3 94 

32-7 2-7 || 30-017) 34-8| 31-5 74 || 29-951) 39-0) 34-3 63 

31-8 6-9 || 29-715 | 33-8} 31-9 84 || 29-772) 34-6| 31-6 76 

29-9 6-6 || 29-865 | 32-0} 31-2 93 || 29-848] 33-0} 31-8 89 

29-4 1-0 || 29-854] 35-3] 30-0 59 || 29-786] 33-6) 31-3 82 

27-5 4-5 || 29-707} 31-6} 30-4 89 || 29-672] 30-7} 30.4 97 

28-4 2-4 || 29-787) 29-1| 27-4] 85 || 29-733] 37-0] 33-5 71 

36-4 5:5 || 29-749) 35-3] 31-5 70 || 29-689] 42-0] 35-3 53 

42-0 5-9 || 29-966) 44-4] 41.3 78 || 29-955) 48-0] 43-5 71 

42-7 0-4 || 29-960 | 44-0) 40-3 73 || 29-842] 50-6| 44-6 63 

37-2 1-4 || 29-662 | 41-2] 36-2 64 || 29-552) 44-8] 40-3 69 

38-7 8-2 || 29-430 | 39-2) 37-5 86 || 29-306] 48-6] 44-3 73 

41-9 9-6 || 28-603 | 45-0} 42-9 86 || 28-588] 43-6] 41-3 84 

44.0 9-7 || 29-063] 48-2} 44-1 74 || 29-197] 48-5 | 44-5 73 

46-4 9-8 || 29-396] 51-0} 47-3 78 || 29-355 | 49-3| 46-1 80 

47:5 1-9 || 29-405 | 51-6] 45:3 63 || 29-503 | 54-5| 48-1 64 

48-1 6-5 || 29-283 | 52-3} 50-2 87 || 29-318] 53-9} 49-3 73 

43-0 8-9 || 29-154| 47-6 | 44-6 81 || 29-299 | 43-8 43-1 95 

38-5 7-7 || 29-684} 41-0} 39-1 85 || 29-810} 42-0) 39-1 78 

39-3 5-4 || 30-061 | 40-3 | 37-3 77 || 29-923 | 42-6] 42-3 97 

47-9 4:5 || 29-807} 53-0) 50-9 87 || 29-811] 52-0] 50-3 89 

41-2 9-1 || 29-789 | 44-8} 42.3 82 || 29-758) 45-0} 43-3 88 

40-1 7-5 || 29-952) 42-3] 40-6 87 || 29-920] 47-0} 43-7 HG 

42-3 9-7 || 29-836] 48-0} 46-1 87 || 29-870} 43-6} 41-6 85 

45-1] 10-0 || 29-890 | 48-6| 44-7] 75 || 29-850] 48-6] 47-1 90 

47-0} 10-0 || 29-823} 50-8] 48.1 82 || 29-754] 52-0) 49-3 83 

52-0 8-6 || 29-769 | 56-9] 53-3 80 || 29-752} 53:8) 50-6 81 

45:9} 10-0 || 29-546] 50-8| 47-6 80 || 29-448] 48.2} 45.5 $2 

43-0 2-4 || 29-562| 46-0} 40-7 65 || 29-504) 51-2} 43-1 52 

38-9 4-2 || 29-385 | 44-0] 39-9} 71 29-374 | 42:0] 38.9 77 

38-8 7-6 || 29-363 | 42-6] 38-3 69 || 29-395) 43-8) 38-5 64 

42:5| 10-0 || 29-481 | 47-6] 43-3 72 || 29-456| 47-0! 41-3 63 

36-0 8-7 || 29-310] 38-0) 37-3 94 || 29-412] 40-8] 39.3 88 

38-2 9-1 || 29-536} 42-8] 39-6 77 || 29-555! 43-8 | 39-7 Tall 

39-8 8:5 || 29-569| 43-2) 39-6] 75 || 29-557] 43-6) 40-3 77 

43-6 7-3 || 29-636| 48-8) 45-1 76 || 29-636| 46-8) 43-3 Wa 

42.2 5-2 || 29-586| 50-8] 43-1 54 || 29-526] 47-4) 41-3 61 

42.2 9-3 || 29-470 | 45-2] 41:6| 75 || 29-477| 52-2) 46-6 67 

-088 

‘015 

-150 
-020 

:035 

-020 
-010 

-010 
-020 

-006 

Force of 
Wind. 

Max. |Mean.* 

0-5 0-1 

4-7 2-2 

1-3 0-0 

0-5 0-1 

0-3 0-0 

0-2 0-0 

1-0 0-5 

3-2 0-7 

1-7 0-1 

0-6 0-1 

1:5 0-2 

1-5 0-4 

1-5 0-2 

0-4 0-1 

0-5 0-2 

0-6 0-2 

3:0 1-1 

2:5 0-3 

1-7 0-2 

2-0 0-2 

0-2 0-0 

0-5 0:0 

0.2 0-0 

0-2 0-1 

1-0 0-1 

0:5 0-1 

5:0 2-2 

5:0 2-2 

1-3 0-2 

2:5 0-7 

5-7 2-8 

4-0 0-8 

3-3 0-9 

2-0 0-2 

3-2 1-7 

2-0 0-8 

4-0 0-7 

1-6 0-4 

0-5 0-0 

1-0 0-2 

2-3 0-3 

2-0) 0-9 

1-2 0:3 

0-6 | 0:3 

0-7 0:3 

1-3 0-6 

1:8 0-4 

2-2 0-9 

1-5 0-2 

1-0 0-1 

2-0 0-4 

0-8 | 0-0 

* See Introduction for a description of the methods by which these means have been obtained. 

87 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20h, 23h, 2 

ib 
30, 

bo — NO DOO} 

| | wlan 



88 

Civil Day. 

May 

| June 

DAILY METEOROLOGICAL OBSERVATIONS DURING MAY AND JUNE, 1853. 

Calculated 
Daily Means,* 

Tem. 

ee Recent 

44.2 9:3 

43-5] 10-0 

48-7 7:3 
Ei: Ulaeesorae 

43-5| 10-0 

36:8 6-0 

36-4 7-6 

39-6 71 

41:8 9.7 

43-5 5-1 

43-7 6-2 

47-4 7-9 

47-6 8-0 

48-1 2-6 

49-4 3-2 

53-0 1:0 

50-7 4-6 

54:8 0-6 

52-7 0-0 

56-0 0-0 

56-5 3:6 

59:5 9-9 

55-1] 10-0 

52-5 8:0 

49-3} 10-0 

48-9 5:6 

53:5 4-2 

47-3| 10-0 

62-2 9-0 

50-6 7-4 

57-7 9.9 

58-6 3-4 

65-2 1-] 

60-0} 10-0 

59-4 9-6 

55:9! 10-0 

53-5 7-4 

61-4 1-6 

57:8 9-4 

58-4 7:4 

57-7 8-1 
57-4 9-8 

53-8} 10-0 

48-5 8-8 
IS(aN(0) oc ore cco 

63-7 5:6 

50-9} 10-0 

54:3 7-1 

57-1 9-6 

58:8 7-2 

55-4 7-4 

8-1 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

ea mR A RY ES 
78 

5 P.M., Gottingen = 

45 10™ p.m., Makerstoun 

Barom. 

at 32°, 

29-770 
29-880 
30-094 

29-825 
29-481 

29-483 
29.731 
29-736 
29.994 
30-072 
29-961 

29-726 
29-765 
29-728 
29-755 
29-832 
29-888 

29.988 
29-904 
29-585 

29-479 
29-384 

29-950 
29-917 
29-851 
30-040 
29-927 
29-808 

29-692 
29-783 
29-729 
29-733 
29-698 
29-577 

29-699 
29-628 
29-739 
29-772 
29-682 
29-511 

29-412 
29-610 

29-588 
29-500 
29-377 

29-135 
29-170 
29-161 
29-276 

Mean Time. 

Tem,| Tem, 
of of 

Air. 

seeeee 

Evap. | ~* 

se eeee 

ees es 

001 

-202 

-070 

Force of 
Wind. 

Max. |Mean.* 

1-6 | 0-8 
2-8 | 0-5 
0-6 | 0-2 
0-5 | 0-5 
1-2 | 0-5 
6-0 | 47 

1-7 | 0-5 
1-5) 10.0-8 
2.7 | 0-7 
1-3 | 0-3 
2.0 | 0-7 
1:8 | 0-2 

1-9 | 1-0 
1-2 | 0-4 
1-4 | 0-0 
0-4 | 0-2 
0-3 | 0-0 
1:0 | 0-1 

0-5 | 0-1 
0-5 | 0-3 
1-6 | 0-4 
0-2 | 0-0 
0-4 | 0-0 
0-4 | 0-1 

0-6 | 0-2 
0-6 | 0-1 
0-5 | 0-1 
1-0 | 0-4 
0-4 | 0-1 
0-7 | 0-2 

0-3 | 0-0 
0-3} 0-0 
1-0 | 0-2 
0-6 | 0-1 
0-0 | 0-0 
0-5 | O-1 

0-9 | 0-3 
0-6 | 0-1 
0-5} O-1 
0-6 | O-1 
1-4 | 0-4 
2.6 | 1-3 

1-2 | 0-1 
2.3 | 0-8 
15 | 0-2 
0-6 | 0-2 
1-0 | O-1 
0-4 | 0-2 

2-6 | 0-7 
15 | 0-4 
7-8 | 1-8 
32 \06-7 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 

208, 23h, 2h, 6h, 

— 

ro @ | ao o 

bo ie 

— bo 

ROO, A . _— bo . _ 

=e 

[Pergo |e he Bi 

anna | 



Civil Day. 

July 1 
Ls) 

Dainty METEOROLOGICAL OBSERVATIONS DURING JULY AND AUGUST, 1853. 

Calculated 
Daily Means.* 

nee (oS 
IN clouded. 

54-2 9-2 

52-8 9-7 

57-2} 10-0 

59-9} 10-0 

58-7 8-1 

59-4 9.2 

56-2 8-8 

57-0| 10-0 

58-9 9-4 

57:3 9.9 

58-3 7-5 

51-6] 10-0 

53-0| 10-0 

54-6 $-1 

55-9 9-1 

57-2 9-0 

58-2 7-6 
OAS ew asiofeteis 

55-9 Radae 

07:8 5:8 

55-6 lec esc cee 

55-2 8-5 

54-7 9-4 

56-4 9-4 

53-9] 10-0 

53:2} 10-0 

55:3 76 

54-5 9-2 

60-0 9-2 

57°8 2-7 

58-0 5-4 

57:1 9-0 

53-2} 10-0 

54:9} 10-0 

56-6 9-5 

52-4 6-3 

55-8 9-8 

59-8 6-1 

59-5 5-7 

56-5 5:7 

53-6 3-6 

53-6 1:8 

53-3] 10-0 

56-9 6-1 

54-7 9-0 

53-9 8-9 

52:6 6:7 

30-4 6-6 

11 a.M., Gottingen = 
10 10™ a.m., Makerstoun 

Barom. 

at 32°, 

Se es ere 

of] ec cvceeee | corees 

weer eeses | ee eeee 

Mean Time. 

Rel. Tem. | Tem. 

of of ee 

A, ap. Su 
56-9| 52:3] 75 
56-1} 51-7 75 

59-9 | 58-5 92 

63-0] 58-8 79 

64-1} 59-5 PF 

58:5 | 56-2 87 

61-1} 59-2 90 

65-0 | 58-8 70 

63-1] 55-2 61 

60:8 | 55-4 72 

52:7 | 51-5 93 

59-6] 51-5 Hee 

57-4] 56-4 94 

57-6 | 54-4 82 

61-4] 56-9 a 

59-9} 55-1 75 

58:5] 54-3 76 

56-3] 54-3 88 

58-4] 55-0 82 

56-2] 54-2 88 

66:5 | 53-2 §2 

58-2} 52-9 al 

58-7 | 53-0 69 

63-8 | 60-9 85 

61-0} 56-6 77 

62-4 | 58-8 81 

61-3} 56-5 75 

55-3 | 52-9 85 

59:4| 57-2 87 

61-4] 58-4 84. 

54-6 | 52-3 87 

57:9 | 54-9 83 

64-1} 61-1 85 

63-0} 61-3 91 

62-8] 59-6 84 

57-9] 54-3 80 

57-1] 55-0 88 

57-4 | 56-4 94 

62-2) 58-8 83 

55:2] 54-8 97 

56-8} 55-0 90 

59-1} 54-2 74 

55:8] 51-3 74 

5 P.M., Gottingen = 

45 10™ p.m., Makerstoun 
Mean Time. 

Rel. 
Barom a noe Hum. 
at 32° a ee Satur. 

me | SveP- | — 100. 

29-369| 57-5| 54-3] 82 
29-806 | 57-9} 51-5] 65 

29-635 | 59-9] 57-7| 88 

29-556 | 61-6| 57-8| 80 

29-651} 63-8] 57-4] 69 

29-877 | 62-6] 59-4] 83 

29-824] 57-9) 54-1 79 

29-649 | 62.0] 58-0} 80 

29-734) 58-9} 56-2} 85 

29-567 | 62-8 | 57-1 7 

28-978 | 54-9] 54-5] 97 

28-957 | 57-8| 55:3] 86 

29-204] 58-9] 54-2] 75 

29-470| 57:8} 56-1 90 

29-697 | 66-2) 59-8] 69 

29-520| 59-9} 57-3] 86 

29-306] 57-6) 55:4] 88 

29-352] 56-4] 53-8] 85 

29-534) 60-3} 56:3} 79 

29-521] 62-4] 57-1 73 

29-316| 57-4] 55-3] 88 

29-707 | 65-0} 60-0} 75 

30-010] 64:8} 62-1 86 

30-080 | 64:8] 61-1 81 

30:052| 65-4} 62:9} 87 

30-081 | 61-0] 57-8} 83 

30-029} 55-9] 54:6] 92 

29-759 | 58-8] 57-4} 92 

29-541 | 56-9} 53:9] 83 

29-598 | 63-0} 59-7| 83 

29-544} 63-3] 60-9] 87 

29.475 | 64-1] 61-4] 86 

29-592 | 61-4] 59-3} 89 

29-513] 62:3} 58:0] 78 

29-530] 62-4] 59-0] 82 

29-314] 59-4] 57-2] 88 

28-706 | 60-0] 58-2} 90 

28-825 | 62-4| 56-2] 69 

29-497! 56-0) 52-7} 81 

29-562| 56:9| 53-1 79 

29-501 | 57-3| 52-2| 72 

175 

-210 
-022 

-038 

-108 

050 

015 

042 
-420 
-697 
-102 
-490 

-268 

Force of 
Wind. 

Max. |Mean.* 

2-2 | 0-6 
0-8 | 0-5 

3-0 | 0-9 
3-8 | 0-2 
16301 $04 
1-3 | 0:7 
0-9 | 0-3 
0-8 | 0-4 

1-2) 0.7 
0-5 | 0-0 
0-7 | O-1 
5-8 | 1-5 
1-7 | 0-2 
3-3 | 0:7 

1.4] 0.2 
0-0 | 0-0 
2:9 | 0-4 
HG) iesesye 

Orde || ctakh << 

1-4] 0.4 

480) I) cased 

8.2 | 20:7 
2-6 | 0-6 
1-2 | 0:1 
3-4 | 0.4 
2-6 | 0-7 

O=Siiliaicelle= 

0-7 | 0-0 
0-6 | 0:0 
Obey. ll Reset 
O26 al Beats 
ORGaieeA. 

(OVO) |eornee 

0-8 | 0-0 
0-0 | 0-0 
0-7 | 0-0 
0-5 | 0-0 
0-5 | 0-1 

0-2 | 0-0 
0-2 | O-1 
0-9 | 0-4 
0-5 | 0-0 
25 | 0-4 
2.5 | 0-9 

1-1 | 0-6 
0-7 | 0-1 
O7 |, 041 
1:7 | 0-3 
16] 0-6 
1-3] 0:3 

0-6 | 0-2 
1-1 | 0-0 
0-2 | 0.0 

* See Introduction for a description of the methods by which these means have been obtained. 
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Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time, 

20h, 23h, Ob 5b, 

24 
24 

20, 
24, 

18, 

20, 
20, 



10 DAILy METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OCTOBER, 1853. 

11 a.M., Gottingen = 5 P.M., Gottingen = 

Coletlated 105 10™ a.m., Makerstoun 4h 10™ p.m., Makerstoun Hose et WE . 
Mean Time. Mean Time. Wind. Direction of Wind 

at the following 
Hours, Gottingen 

Mean Time. 

Daily Means.* 

Civil Day. Rel. 

Sky ‘ t Hum. 
oe clouded. OMe ms 2 Satur. 

Tem. 
Max, |Mean.* 

20h, 23h, Oh 5h, 

=m 1D 

oon 

wor | no 

[Weill see's 

hm dO 

aloe los 

bo to ow ~y t 

. 

~ . 

as now | | wo 
~ 

bn — Soy woe NDP 

aol | 

— OD 

* See Introduction for a description of the methods by which these means have been obtained. 



DaiLy METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DECEMBER, 1853. 

Civil Day, 

Nov. 

Calculated 
Daily Means.* 

Tem. 
yi 

ee clouded. 

53-7| 10-0 
48-6| 4-1 
39-:7| 27 
BS tu kei 
45-5 | 10-0 

49-2| 8-4 
46-3| 6-0 
44.7| 7-8 
46-8| 10-0 
41-4| 4.7 
360 1:9 

34-9] 7-6 
33-5| 3-2 
35-3| 10-0 
29.3] 0-2 
40-4| 83 
48-0| 9-5 

30-5| 3-2 
39.7| 3-2 
29.6} 3-0 
34-6| 10-0 
35-4| 9-6 
32.2| 3-5 

38-7| 5-2 
46-3| 10-0 
38-3) 21 
45.2| 9-3 
36-7| 10-0 
33-5| 3-8 

39-1| 10-0 
98.3| 0-4 
30-2| 7-2 
36:0] 6-8 
98-8| 0-3 
98-0} 2-2 

31-7| 10-0 
98.9| 7-6 
40-4] 10-0 
38-6| 9-9 
36-5|. 9-9 
33-4| 10-0 

34-4| 9.8 
38-5| 9-7 
38-1| 9-6 
35-4} 9-2 
39-0| 9-0 
36-9| 10-0 

32:7| 6-2 
98.4] 4-1 
31-4| 6.0 
24.2| 3.0 
29.7| 2.3 
23-71 0-8 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

29-1 
26-7 

Rel 

ag ase 
atur, 

Evap. |~ 100 

53-1] 82 
48:7} 73 

39-9} 96 

49.3 94 

45-3} 88 

48-3 87 

50-5 93 

42-6| 67 

45-3 85 

42-7; 82 

38-1 92 

36-3} 96 

34-3] 92 

36-1 96 

31-0} 98 

39-5 91 

46-6| 88 

31-6] 100 

32-3 88 

30-4} 99 

34-7 89 

34-3] 92 

32-1 92 

41-5 94 

45-3 90 

39-3 92 

47-9} 92 

38-9} 100 

32-1 95 

39-3} 96 

27-8] 100 

27-4/ 100 

40-3] 97 

28-2} 99 

25-4] 100 

31-0 91 

26-6| 97 

40-3} 90 

36-3| 82 

37-5 | 98 

34-1] 100 

35-1 88 

38:3| 96 

36-4 84 

32:3 93 

38:9} 90 

35-5 98 

33-1 84 

28-6| 97 

30-6] 99 

20:5 99 

28:0} 90 

26:01 93 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

Bete wees 

39-6 

38-9 

30-4 

35:6 
34-5 

34:9 
38-3 
35-9 
35-6 
37-5 

37-7 

30-6 
28-2 
33-3 
27-6 
28-7 
24-7 

‘010 
030 

164 

-120 

-040 
-310 
042 

-090 

+222 

+142 
-168 

-330 
-108 
-100 
-122 

072 

-250 

Force of 

Wind. 

Max. |Mean.* 

5-2 | 1-3 
8-5 | 2-2 
1-0 | 0-0 
0-0 | 0-0 
0-9 |} 0.2 

0-5 | 0-1 
4:8 | 1-7 
1-7 | 0-3 
2-0 | 0-5 
1-2} 0-1 
0-4 | 0-0 

0:0 | 0-0 
0-0 | 0-0 
0-0 | 0-0 
0-0 | 0-0 
1-8 | 0-2 
4-5 | 1-8 

0-0 | 0-0 
0:0 | 0-0 
0-0 | 0-0 
3-2 | 0-3 

3-7 | 0-7 
3-6 | 0:0 

0-4 |} 0-0 

4-2] 1.3 
1:0 | 0-1 
1:5 | 0-2 
0-0 | 0-0 
0-0 | 0-0 

0-5 | 0-1 
0-0 | 0-0 
0-0 | 0-0 
0-0 | 0:0 
0-0 | 0-0 
0-1 | 0-0 

1-3 | 0-2 
0-3 | 0-0 
1-8 | 0:3 
3-0 | 0-6 
1-8 | 0-2 
0-2 | 0-0 

0-5 | Ol 
1-7 | 0-4 
2-1 | 0-5 
1-2 | 0-1 
3-0 | 0-6 
3-0 | 0-1 

2:0 | 0-2 
3-1 1-3 
3-3 | 0-7 
0:5 | 0-2 
2:5 | 0:8 
1-2 | 0-2 

* See Introduction for a description of the methods by which these means have been obtained. 
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Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 

17, 
14, 

17, 
18, 

20h, 23h, Qh, 5h, 

20, 
20, 

16 
20 

14 

So | coo or b 

bo bo bo bo anowkhreO 



92 

Civil Day. 

Jan. 

ST Or B® Oo OD 

Feb. 1 

Calculated 
Daily Means.* 

ver | Sky 
INS clouded. 

17:3| © 3.4 
96 SOG 

34-1| 5-0 
31-0| 10-0 
31-1] 10-0 
28.3] 10-0 

33-6] 10-0 
32-1] 10-0 
25-1| 9.0 
95-6| 6-2 
BAS) 1632 
30:5| 2.7 

31-2| 7.5 
42.7| 3.2 
45-3| 10-0 
43-6| 3-4 
45-2| 6-7 
43-6| 9-7 

41-9} 5.2 
41-3) 75 
43:9) 9:5 
a73) 165 
47-2} 10-0 
37-9] 4-1 

50-0| 9.7 
44.1| 6-2 
39-0| 9.4 
36-6) 0:2 
35-2| 3.0 
34-8| 7-0 

50-6| 7-4 
36-6| 0-7 
36-8| 0-7 
S701 s4s5 
35-4| 9.9 
32-3| 8.2 

37-5| 9.4 
42-8| 10-0 
34.6| 7-2 
36-6] 9.2 
37-6) HG 
32-0] Ll 

44.31 8.9 
ACH Ge 
44-3] 10-0 
40-2} 1-1 
43.9| 9.6 
42.0| 4.7 

45-6| 10-0 
40-2} 1-6 

11 a.m., Gottingen = 

105 10™ a.m., Makerstoun 
Mean Time. 

Rel 
ae gies wee aa 

at ° . atur Air. | Evap. 100, 

29.009| 19-0| 18-2] 91 
29-267 8-2 7-7 93 

29-230 | 34-2} 31-9 81 

28-899 | 31-3} 31-0 97 

28-880] 32-1] 32-0 99 

28-898} 22:5} 22-8] 100 

29-135 | 34-8} 34-5 97 

29-550 | 32-6} 32-0 95 

29-821} 28-3) 27-4 92 
BO Qa |) UR OOM conc Iie cool 

29-334] 31-1} 30-7 97 

29-354] 32-0) 31-9 99 

29:551| 27-3] 27-4} 100 

29-400 | 42-5] 40-6 86 

29-684 | 48-3) 47-6 95 

29-686 | 45:0] 43-3 88 

29-494] 44-8} 43-1 88 

29-879 | 41-3] 40-5 94 

29-717] 40-2| 38-5 86 

29-054] 43-6| 42-3 91 

29-543 | 38-0] 35.3 78 

29-729 | 38-8] 36-0 ae 

29-774 | 47-6] 46-3 91 

29-737 | 39-9| 38-2 86 

29-575 | 50-0} 47-3 83 

29-736 | 44-6] 41-6 79 

29-634] 45-6| 37-5 47 

29-987 | 38-7] 36:0] 78 

30-125] 36-0} 35.3 93 

29-696 | 35-6] 33-5 82 

29-464 | 51-8] 46-6 69 

29-586 | 39-8| 35-8 69 

29-676] 36-6] 33-6 75 

29-878 | 38-6) 33-3 61 

30-193] 37-0} 33-6 73 

30-047 | 32-3] 31-4 92 

30-334] 38-0] 36-3 86 

30-184] 42-2) 40-3 85 

29-832) 34:3) 29.7 63 

29-734] 33-0] 31-9 91 

28-950} 42-2) 39.5 80 

29-301 | 32-0} 30-2 85 

29-541) 48-2) 46-3 87 

30.058 | 36-5| 34-3 81 

29-569 | 46-0} 45-3 95 

30-026 | 42:0} 38-9 77 

29-821 | 44-6] 42.3 84 

30-016 | 43-6] 38-5 64 

29-924 | 46-8} 45-3 89 

29-937 | 40-81 37-6 75 

5 P.M., Géttingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

Rel 

Barom Sosa ee Hum 
SOP) tego valle Sa - Air. | Evap. nai 

29-019| 19.8| 19-5| 96 
29-306} 12-2] 12-3) 100 

28-868] 31-1] 31-4} 100 

28-888] 31-1] 31-4] 100 

28-703] 36-0| 35-3] 94 

IG. WA | BSE [owntea tl marae 

29-660| 33-6] 32-1] 87 
STO WALLA) |) i H8)Maedoe |lisaosee 

29-315 | 32-6] 32-3} 97 
29-302] 32:8} 31-9] 93 
IQAVS | SOs Ip wow eee I aschae 

29-462) 35-6] 34-1| 87 

29-548 | 43-3] 41-9} 90 

29-722] 36-3} 36-3] 100 

29-554] 45-0} 41-5| 76 
DGs4 ig | sesek | seeker 
29-687 | 47-0| 45-9] 92 

29-536 | 43-3} 41-9} 90 

29-153 | 39-0| 36-6] 81 

29-326] 46-0} 45-8} 98 

30-007 | 36-5} 33-5) 75 

29-643 | 47-8] 46-1} 89 

29-784] 38:2| 35-6} 79 

29-544] 53-3] 49-3] 77 
29-659 | 42:6| 40-9} 87 

29-684] 37-6| 34-3) 74 
30-041 | ------ widiotearlttteeae 

30-063 | 38-2} 37-3} 92 

29-436) 38-0] 34:9] 75 

29-454] 52-8! 48-6] 75 

29-605 | 38-0] 35-1] 77 

29-761 | 39-3] 35-3] 69 

30-017 | 37-6| 33:3] 67 
30-189] 36-6] 33-6] 75 

29-967 | 37-2| 35:8| 88 

30-319] 41-8} 38-9} 78 

29-826) 34-0} 29-7| 65 
29.598 | 44-8} 42-3] 83 

28-830} 32-6} 31:4} 90 

29-466 | 34-3] 31-5] 78 

29-710} 46-2} 42-1} 73 

29-944} 41-8} 39-3] 81 

29-392} 48-0} 46-5) 90 

30-165 | 44-6| 39-5] 64 

29-708| 51-0} 46-5] 72 

30-128) 45:2} 39-3} 60 

29-848 | 46-8| 45-1] 88 
30-130! 43-0] 39-5] 74 

-090 

173 

-320 

-290 
042 

-180 

-100 

-040 
-110 
092 

-040 

-082 
-030 

016 

Force of 

Wind. 

Max. |Mean.* 

2:0 | 0-0 
0-0 | 0-0 
SD) | aeteoe = 

5:0 | 2-9 
2:0 | 0:3 
0-0 | 0-0 

2-2 | 0-2 
3:0 | 0-9 
1-6 | 0-1 
0-5 | 0-1 
0-6 | 0-1 
0-6 | 0-0 

0-4 | 0-3 
3:8 | 1-0 
3-2 | 1-0 
2:0 | 0-4 
3-0 | 0-5 
3-2 | 0-8 

3-3 | 0-4 
5:5 | 1-0 
5:5 | 1-7 
4:0 | 1-2 
5:0 | 3-7 
5-2 | 0-2 

7:2 | 253 
4:5 | 1:0 
3-8 | 0-3 
1-9} 0-1 
0-7 | 0-0 
2-7 | 0-3 

7:0 | 2-7 
4-2} 0-8 
3-2 | 1-6 
3-8 | 1-4 
13 | 0-2 
0-2 | 0-1 

0-2 | O-1 
2:6 | 0-3 
2:5 | 0-4 
13 | 0-2 
6-4 | 1-2 
7:0 | 4:2 

1-8 | 0-6 
1-6 | 0-2 
4:0 |} 1:3 
3:0 | 0:8 
4:38 | 1-0 
5:0 | 2-4 

40 | 1-6 
3-5 | 1-2 

* See Introduction for a description of the methods by which these means have been obtained. 

DAILy METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1854. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20h, 23b, Qh 5h, 

ololll ~y 



DaILy METEOROLOGICAL OBSERVATIONS DURING MArcH AND APRIL, 1854. 93 

Calculated 
Daily Means.* 

Civil Day. 

Sky 
: clouded. 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

Force of 

Wind. 

| Max. |Mean.* 

* See Introduction for a description of the methods by which these means have been obtained. 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time. 

20%, 235, 2h) oh. 



94 DaILy METEOROLOGICAL OBSERVATIONS DURING SEPTEMBER AND OCTOBER, 1854. 

11 a.M., Gottingen = 5 P.M., Gottingen = 
Spayamtears x 105 10™ a.M., MaWerstoun 45 10™ P.o., Mikes oo Direction of Wind 

7 Mean Time. Mean Time. g at the following 

Cee Tem. | Rel. sepa slime | ate “ gerne a 
iy Sky |) Barom nee a Hum. Barom as a Hum. ||Inches. Mae. IMaa ; 
AG: clouded.|| at 82 Air. | Evap cee at 32 Air. | Evap hip 4 viii: eae ait 

| Sept. 1 a saiotah Woke wipheceieca Rill) hatievoveierer ch al crreleuer6 MU Nteras ote ce call ans peovesoneall | eemeee ey cle cetera Ti Reaet vate a es ee a ee eel) ielenie« eS ge) ee 

Dil se s.oe: laa eh ocgecass|| Becca api e'| «oid ntl mie =toladl aces pel Mietave teeta |e, cater Ararat late ao O19 4 epee: Pe eee Te 

PAVI| soe‘ osin)ltnm-ai atten all reyiasclemsau| ciao nll ie aoe RET tal kere Aor leo ea 120" -coses Sethi, ee 
All ic. costs Pears’ alvesdlll ainnsc neve iapnealeras |) naptactecelll a eamteren eluates coat | aero Ree ca ere ODulceeee 250. Sk eee 
MEU rica IE Som GSS BOE 72) Wi sasaeceso | eocs00 | sooede Isc cae 0:9 || 0:2 N28, 080) ee 

7 || 58:8| 7-9 || 30-098| 65-9] 61-1| 76 || 30-078| 60-0| 58-0] 89 ots! ak: | 2) ee 
g | 53-1| 6-2 || 30-110| 55-6| 53-3} 86 || 30.092| 58-1| 52-7] 70 03>) 0-2 | ae» has 
9 Ahe5322)) 6020 Nl 8O-000) 56524 isk Bil OF ail core desalted stailisesaapsleererss 0-2) 0:0 i a =. 190; SS 

11 || 57-2 0-1 || 29-848 | 62-1| 57-6| 77 asagscatlosuoce |} agcpdol! ssenne 1-50) 10:3) ||heec 0) 

12 || 59-0| 2-2 || 29-648| 62-3| 56-2] 69 || 29.505| 67-4| 59-2| 62 1-0 | 0-5 || 20, 18, 18, 19 
13 || 55-7| 5-9 || 29-531] 58-9] 55-2] 80 || 29.474| 61-8] 57-2| 76 || 070] 1-4 | 0-3 || 20, 18, 18, 19 
14 || 55.3] 3-1 || 29-326| 59-9] 55-0| 74 |) 29-323] 58.8] 53-5| 72 || -020]) 1-8 | 0-5 || 18, 18, 18, 18 
sae INNS ley ine tow | awedeaseall eevee | cAEBo || cecoac 29-5351 59-6| 54-6| 74 2.2 | 0-5 || 20, — 20, 20 

16 || 59-5 7-2 || 29-364) 63-6|.61-9| 91. || 29-339} 64-3) 61-1] 84 |) -120]| 1-8 | 0-4 || 18, 18, 16, 17 
-020 

18 | 52-1] 8-0 |) 29-563] 57-3) 53-9] 81 || 29-370| 56-2] 56-2} 100 || .052]) 4-0 | 1-4 || 18, 18, 18, 16. 
19 || 52-6 8-7 || 29-649 | 58-5] 53-2) 72 || 29-627} 54-0} 51-6] 86 || -086|| 2.2 | 0-2 || 20, 22, 20, 20 
20 || 52-1 3-4 || 29-524] 58-7) 53-3) 71 || 29-518] 51-0] 48-9) 87 || -146|| 2-8 | 0-4 || 22, 22, 20, 21 
21 | 49-5| 3-9 || 29-751) 55-0| 49-6] 69 || 29-895| 53-8| 47-7] 64 | -038|| 2-8 | 0-7 | 21, 28, 28, — 
pelle a yas I SLOVO) arene t 2lqee) | He Wl etetecece |] Saco ne | Godean I Sacn8e 0-7°)| OW | 96, 

23 || 53-9) 10-0 || 29-867| 58-1| 54-3) 79 || 29-751] 56-7| 54-3] 86 1:7 | 0-6 || 21, 20, 22, 18 
-180 

25 || 50-3 7-5 || 29-989| 52-6| 48-3) 74 || 30-037| 54-9] 51-3| 79 || 050] 1-6 | 0-3 || 22, 25, 24, 22 
26 || 53-2 3-7 || 30-024| 57-5| 52-9] 74 || 30-008} 58-0| 53-9| 77 15 | 0-5 | — 18, 20, 21 
27 || 52-8] 4-6 || 30-056| 55-9} 52-9} 82 || 30-015) 59-9] 56-5] 81 1-6 | 0-3 || 17, 17, 18, 18 
28 || 50-3 7-2 || 29-936} 53-8) 51-9] 88 || 29-872] 62-8} 55-8} 65 0-2} 0-0 | —- — — — 
29 || 51-4 2.9 || 29-880] 56-3} 53-3] 83 || 29-889] 57-5] 54-1| 81 0-6 | 0-1 || — 22, 22, 20 

30 || 53-7] 6-6 || 29-886] 57-9} 54:3} 80 || 29-907] 59-5] 55-6] 79 1-3 | 0-6 || 20, 20, 21, 22 

Oct. 2] 55-0] 9-6 Se) cae |e cee et one 29-570| 55:9| 52-3] 79 1-3 | 0-4 | 22, — 1998n 
3 || 49-1 1-2 || 29-508] 50-6} 44-9} 66 || 29-628] 48-0] 41-3) 58 || -035|| 3-8 | 1-1 || 28, 27, 29, 26 
| ae a Ponee Bebe MeO wlee leider an tl eoedroct ol) ideodp || daccer aes he iliaeetse 3 ee 
By (wwacideile aaeereeell Segpcaecie) oevias apes lags aracall| hate oe aoeaea |b pee seal [Paletesrste | Reese sQGBill) Deal, seer = 
(i ieee le eee |ermcaencoell Reeerae: | c-Saetl| aaa: ae leaeer aarrtl naenBe maorcee| leon “VOSA Dal! seceee sj = 
Pali crate el geasn el astieiadesis lccises fleece beled call bstbrecafeatdiec alctcete aU ttiere spall eteeatcds SOO STIMOM/ Wisner Si 

Gilles sete lo deerecsocall re Secceehen (Il cecccbcrell Py mise} US aca etecew atacetts theres af leita Wet eae 020i) O24.) || «acan- aS 
LT Old lie cnelleo acta cca tllseeoctenese| sie srecclllieeetoelll emotes wneeeeinl|l eee apatcatal | stchaceer ell (hereraoete DA), \iidocces = = = = 

11 || 46-1] 21 |) 29-848] 51-4] 46-3] 69 || 29.977| 49-6| 45-5| 74 || -160]| 2.0] O-1 || — 23, 22, 24 
12 || 43-4| 2.2 || 30-298] 47-0] 44-1] 80 || 30-240] 49-0] 47-3] 89 3.0 | -Oal) | <> ==>)§o eee 
13 || 51-7| 10-0 || 30-098] 53-2] 51-3] 88 ||.30-050| 55-0] 53-3} 90 0-8 | 0-2 || — 17, 20, 20 
14 | 54.9| 9.2 || 29.944] 56-9| 55-2] 90 || 29-921] 55-9| 53-3] 85 0-8 | 0-2 || — 16, 18, 18 

16 || 43-4] 8-7 || 29-726] 46-0] 43-9] 85 || 29-530] 44-6} 43-3} 91 0-3 | 0-0 || — — 20, — 
17 || 41-6 7-6 || 29-353} 44-2} 43-6} 96 || 29-366] 41-0] 40-9; 99 5-5 | 0-9 6,, 65) (05a 
18 || 40-6 8-9 || 29-516] 42-0} 38-3} 73 || 29-502] 40-8) 37-1| 72 || -870}| 7-0 | 2-6 0, 30, 31, 31 
19 || 42-6] 10-0 || 29-398) 42-3] 40-6| 88 || 29-200} 46-6] 44-9] 89 | -052] 2-1 | 0-4 ]/— 18, 14, 18 
20 || 47-9 6-6 || 30-024] 50:3} 47-1] 79 || 30-084] 52-3) 46-1] 63 2-5 | 0-2 || — 26, 28, 25 
DIA Bilbcecivsstellntesteata lh hese oe sind tem ceoul tetas mereecal teeter Marea aaseee O87 All saxsee a = eee 

-402 
93 IWSGsSilb 4518828925 | 4925) | Alte Zils ste allleeeasessen laseee en beieeed eee 0:3) | 0:1 || — 20, sage 

24 || 40-7 2-4 || 28-844] 42-0] 39-9} 85 || 28-879} 41-2] 38-7| 82 1-2 | 0-2 || 18, 18, 18, 18 
25 || 37-2 6-1 || 28-880] 38:8} 37-5| 90 || 28-874] 41-0} 39-1| 86 0-4 | O-1 || — 22, 16, — 
26 || 35-5 3-0 || 29-289] 40-0) 37-9] 84 || 29-467] 42-6} 39-3) 77 0-3 | O-1 || — — 20, 18 
27 || 39-6 4-9 || 29-910] 40-3} 38-9] 89 || 29-911] 45-0} 43-3) 87 1-0 | 0-1 |) — 18, 16, 15 
28 || 51-8] 10-0 || 29-738) 53-8| 50-6) 81 |) 29-742] 52-8) 50-8] 88 || 060] 3-4 | 1-8 || 17, 16, 16, 16 

-158 ; 
30 || 47-3 6-1 || 29-846} 47-0} 45-6} 90 || 29-748] 53-8] 51-3] 85 0-5 | 0-1 || — — 18, 18 
31 || 49-1 6-1 || 29-6791 53-0} 50-51 85 || 29-749! 48-81 48-1! 95 2-0 | 0-2 || — 19, 20, 16 

* See Introduction for a description of the methods by which these means have been obtained. 



Civil Day. 

Nov. 

Dec. 

DAILY METEOROLOGICAL OBSERVATIONS DURING NOVEMBER AND DEcEMBER, 1854. 

Calculated 
Daily Means.* 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Rel 

pees Sky Barom. ae ae Hum 
rAGae clouded.|| at 32°. Air, | Evap met, 

oO ° a 

34:4 7.9 || 29-186} 33-0} 30-0} 75 

34-0 8-9 || 29-523 | 32-8] 29-6 74 

42.7 5:0 || 29-577 | 41-6| 38-1 74 

41-6 6-7 || 28-872) 41-6} 38-3 76 

43-1 6:3 || 29-048} 42-6| 38-6 72 

34-2 7.7 || 29-930| 34-2} 31-2 75 

47-5 6-1 || 29-320} 51-5] 48-1 79 

36-6 4-9 || 29-149) 38-0] 35-1 78 

41-6} 10-0 || 29-394} 42-0] 41-3 95 

38-8 3-1 || 29-615] 38-0] 35-7 82 

45-6| 10-0 || 29-495] 46:3) 45-6 95 

44-0 8-3 || 29-470] 42-6} 41-6} 93 

46-2 9.2 || 29-434] 48-0] 44-1 75 

34-1 2-4 || 29-510] 35-5] 33-5 83 

32-9 0-4 || 29-103] 31-8] 28-8 74 

32-5 9.2 || 29-441 | 32:0} 29-4) 78 

37-4 1-9 || 29-399 | 39-3] 36-6 79 

45-1| 10-0 || 29-571] 45-0] 43-7 91 

51-2} 10-0 || 29-233) 54-5] 52-3 86 

36:3 6:4 || 29-580] 37-2} 35-7 87 

38-6 29-025} 39-3] 37-1 83 
BRATO) teralsts daiaint ll Wie tate sae Sco Boe etches cotton kaveae we 

30-8 1-3 || 29-448) 32-2) 31-2} 91 

28-3 1-1 30-185 | 26-:9| 26-7 98 

44.4 5-1 30-002) 45-0) 42-3 81 

43.3 5-2 || 29-764! 43-6| 42.3 91 

S 

5 P.M., Gottingen = 
4h 10™ p.m., Makerstoun 

Mean Time. 

Barom Seba ae 
at 32° es E of Satur. ir. | Evap 100. 

29-305] 32:0| 29-7| 81 

29-610 | 36:6] 34-5] 83 

29-531 | 43-0} 41-5} 89 

28-529 | 40-5} 39-7} 94 

29-282) 41-0] 37:9] 77 

29-876 | 33-0} 32-3] 93 

29-260! 45-0] 40-9] 72 

29-354| 36-5| 33-9| 79 

29-277! 45-5) 45-3} 99 

29-504! 41-6] 39-9| 87 

29-316! 47-3] 47-3} 100 

29-486 | 46-5] 43-3) 78 

29-489 | 42-0] 39-6] 82 

29-582 | 32-7) 31-3] 88 

29-255] 35-0] 34:3] 94 

29-127| 34:8} 33-5] 89 

29-674 | 35-2} 32:9] 80 

29-567) 49-3| 47-6] 89 

29-022) 53-0} 51-5} 91 

29-522 | 38-:0| 37-3| 94 

29-608 | 29-1} 29-2} 100 

30-164 | 27-9} 28-0| 100 

30-020) 44-3) 43-3} 92 

29-925 | 41-2| 37-5| 72 

eceses 

ee eeee 

ez eeee 

eee ee 

eessec 

eevee 

eovece 

-020 

Force of 

Wind. 

Max. |Mean.* 

1:7 | 0-4 
15 | 0-4 

7:0 | 1-0 
4:0 | 2-1 
3-5 | 0:8 
1-8 | 0-2 
3-3 | 0-7 
2:4} 0-5 

2-8 | 1-1 
3:7 | 1:3 
4.0 | 1:5 
3-2 | 0-4 
5-1 | 0-9 
1.0 | 0-1 

3:0 | 1:1 
1:5 | 0-1 
2-2} 0-2 
1:8 | 0-6 
5-8 | 2-0 
6-0 | 0-1 

6-3 | 0-6 
BeQD | coecse 

2:0 | 0-3 
0-5 | 0-0 
2:8 | 0-8 
5:0 | 1-6 

95 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean Time. 

20h, 23h, Qh, 5h, 

20 



96 DAILY METEOROLOGICAL OBSERVATIONS DURING JANUARY AND FEBRUARY, 1855. 

Calculated 
Daily Means.* 

Civil Day. 7 
em, 

Sk f y 
fo clouded. 

37-1 

* See Introduction for a description of the methods by which these means have been cbtained. 

11 a.M., Gittingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Rel. 

Hum. 

Satur. 
i= 100: 

weece en | peewee | er enne 

seven a | ee esnce 

ee eeee | ea wewe 

scenes | we owe 

36-3 

5 P.M., Gottingen = 

44 10™ p.m., Makerstoun 
Mean Time. 

29-665 
29-866 
30-030 

31-7} 100 
30-5] 95 
31-6 

seer ee | ee ewe e | eoeee 

29-717 : -1} 100 
29-964 : . 97 

29-536 
29-733 
29-630 
29-967 
29-974 
29-455 

wees eesee | ee ewes | ween ee | ta eene 

Pe seed 

Force of 
Wind. 

Max. |Mean,*| 

ee eee 

ee teee 

entree 

wees 

etree 

se eeee 

seers 

Direction of Wind 
at the following 
Hours, Gottingen 

Mean Time, 

20, 23h, Ob, 5n, 

S wl | | 

Ree Anau o co 

~~ . 

~~ . 

. . 

[wa] 1010 lal ewe Lal wo] v 

elcid talks Laatste! 

+ Anemometer frozen. 



Datty METEOROLOGICAL OBSERVATIONS DURING MARCH AND APRIL, 1855. 9 

Gafedated 11 A.M., Gottingen = 5 P.M., Gottingen = Pr ¢ 
ae es ais 105 10™ a.m., Makerstoun 4» 10™ p.m., Makerstoun aa reg ts é 

Daily Means.* |} . Mean Time. Mean Time. Wana Disectioniof Ye 
Rain at the following 

Civil Day. je ea Rel Rel in ee vet ag 

com Sky Barom. st ae Aaa Barom. ee reat Wut Inches, ¥ * Bieieaies’ 
a Clouded.|| at 32°. Ai E e Satur.}) at 32°. ae E o  |satur Max. |Mean. Air. Anes | Eivap.. 2100. Daal na ees L0G! 20%, 23%, 2h, 5h, 

o ° 9° oO 

Mar. 1 || 39-1 7-8 || 28-920] 41:4) 38-5] 79 || 28-982} 42-3] 38-9| 76 || -110|| 4-0 | 1-1 || 20, 18, 20, — 

2 || 40-5 6-2 || 28-768] 42-5] 40-9| 88 || 28-568] 44-4] 40-5] 73 || -030]] 5-0 1-2 || — 18, 18, 16 

3 || 36:1 6-4 || 28-518] 36-0] 35-5} 96 || 28-700] 40-6} 35:9) 65 || -184]| 5-0 ea Pee 25, 125 

5 || 39-0 6:3 || 29-365] 41-0} 38-6] 82 || 29-434] 43-8) 40-6| 77 1:0 | 0-3 || 20, 18, 18, — 

6 || 36-2 0:3 || 29-665| 38:8] 37-3| 88 |} 29-672] 43-8) 40-1 F4+!\ 200) 1-0!) (Os pee 1S 1 

7 || 33-0 9.2 || 29-736 | 32-0] .------| +--+. 29-766 | 40-3) 37-5} 79 0-2 |} 0-0 || — — — 6 
Se eerren Onl tQ.G15.| 39-6) SGsGile 77 Wics ea cmsfoeseea, |< eerie] rooneie 6:0) 0:00 eee oe 

9 || 33-6 6-7 || 29-822] 32-0) 30-9] 91 || 29-722) 37-2} 33-5| 70 0:4) |he0st 29 C14 

10 || 28-9| 10-0 |} 29-611 | 30-1} 29-7] 97 |) 29-497] 31-3) 31-0] 97 039s 1.6020) ie a 

eee O-G) 1, 28:558| 39-0) F7-Giliy SQ Wren r-m snes |ivees || «ese | aisiennie 3200) A255 LOM eee 

13 || 34.2} 10-0 || 28-969} 35-0| 33-7| 89 || 29-137| 35-8) 34:5] 89 || .070]] 0-3 | 0-0 || 28, — — — 

14 || 37-0 9-5 || 29-346] 41-0] 38-6] 82 || 29-383) 42.6] 37-8] 66 0:0 | 0:0 | — — — — 
15 || 32-9 8-4 || 29-510] 34-8] 33:3] 87 || 29-357] 37-0| 34-7] 82 4:5 | 0:5 | — — 14, 14 
pee 27-510 10-0 |,29-139)) 4120, 396i SO) || oacegenenili on corm |f senate l so neate Me gyal| cocear ev ge) eee 

17 || 38-7] 10-0 |) 29-156] 41-3] 40-9| 97 || 29-061] 42-8} 38-7] 71 2.4 | 0-0 |} — — 24, — 

-020 

19 || 36-1 6-2 || 29-693} 40-2] 35-5} 65 || 29-691] 39-0] 34-7] 68 04; Ol1])— — 8 8 

20 || 33-3} 10-0 |} 29-668} 35-0] 33-5] 87 || 29-607] 35-6] 33-6] 83 (63) || sil fas == G&G & 
91 B54 Jen ce creel] ce cee cee e | cece ee | ce ee ne | ce eeee || we nee ence | ee eeee | ce eeee | ce eeee 1-3 3-0 eS ee 

2324 NB) Bf 8-6 || 29-130} 33-8} 32-7} 91 || 29-135) 32-2] 32-3] 100 7-2 | 3-0 4 ‘One 3,0 

23 || 31-3 9-3 || 29-120] 33-2) 31-2} 84 |} 29-121] 33-6] 33-3 98 || -100}| 4-8 | 0-7 2, 4, 3, — 
24 || 32-5 8-6 || 29-171] 36-2} 32-6} 71 || 29-169} 39-2} 33-7) 58 O220) 0:08 

26 || 37-0 5-4 || 29-418] 41-3] 37-6] 72 || 29.436) 41-8] 38-9} 79 0-1 0-0 || — 24,— — 

27 || 34-9 7-2 || 29-645 | 37-0| 31-9} 62 || 29-732] 38-7} 33-5] 60 1-9 | 0-6 De a OR eee 

28 |) 35-5 7-1 || 30-011] 37-2) 37-1 99 || 30-117} 39-2| 36-3 77 1-0 | 0-2 A) 10255810 

29 || 34-6 7-5 || 30-306} 37-0} 34-7| 81 || 30-290] 43-4] 37-7} 60 0-2); 0:0 |} — — — — 

30 || 37-2} 10-0 |r 30-306| 40-0} 37-9] 84 || 30-252] 43-0] 39-6| 75 oO | 0:0 | — — — — 

31 || 37-5 0-6 || 30-268} 40-3} 37-7| 80 || 30-232) 43-6] 37-9} 60 0-2 | 0-1 | — — 9Q, 14 

April 2 || 35-6 4-4 || 29-884] 39-3} 35-3) 68 || 29-748) 45-6] 38-7| 55 0-3; O-L || — — 16, 18 

3 || 36-4] 10-0 || 29-602] 40-8} 35-6] 62 || 29-542) 40-8) 35-8] 63 0-2 | O-1 || — "12, 14, 15 

4 || 35-4 0-8 || 29-589| 40-6) 36-7| 71 || 29-700] 40-2] 39-3] 93 0-2 | 0-0 |} — 20, — — 

5 || 39-0 9-1 || 29-724] 48-6] 46-9] 88 |} 29-741] 54-9) 48-9| 66 0-6 | 0-2 |} 20, 20, 20, 24 

6 || 50-3 9-2 || 29-732} 54-6| 51-7| 83 || 29-668) 56-1] 52-1 77 || -062|) 2:6 | 0-4 || — 20, 18, 22 

7 || 43-4 4.2 || 29-884] 48-0] 41-3] 57 || 29-758] 47-0] 40-7| 59 2:6 | 0-5 || — 26, 24, 23 

-020 
Ql) wn ccee |ececscces hafaialatatstntelll cjelctsioisnl life's! elatsbal|(raiu/sieimix||Hiateiaraistetatater ||bsta\sie niet" |Mis evsleles||| 1cisiaeials MEOW | eretexete ny ee ae 

10. || -- eee ADCO LEO) Hondoausoe |MooosaS oleaipiatall |{h oid laiw ntelll|Piivietala(sieteratay||Velwieia/='al || Njoteleisinii|" cfs alclale -030 || 13-5 |-----. a ee ee ee 

NPE aifiswicsin a |e cossescl| coescasce |iocsese | saeco | «scene || acoveiswcla | cevese| cossce | coscies G0) Neocade ee 

Oy \Ganeaa Baten aiectofel | shee sar: o/c) cio erect llotateeinte [itsterclsiars BES idocoll aes eral Rapr eee Inca -068 || 13-6 |.-.--- a eee 

13 -|_------ Sota Coucll| Go ttocodD Wapedia || GocoAcd | coodos tatels(aismtehall|ietateiatata Saiatielen | tetetecists (055) S\hGradoo a= oe ee 

(0 ener Ete See ofa| fatatame cie's <t || ava cm aratl Peace shen ieee Gaiate rented atl cin aatiet lPacctametel|| <tiaaats GTO] cI Ilneaooe Re 

16 || ------ Sppoc caer) CO CooCuoS || coreoc Sooo ocd | percdod Sreraetctt melt | reletelesalell|ite)ete/avetats |(e's, cievels -050 CNG Nebo Sa 

17 | ------ Socoortad||| nockonoe S|) Seears|| Beecac hacer s sralaioewelere! | sfefeis aia) lelasisle’s) ||| ea -ewee Oa | scenes = oe 

7 | aeééce. Seerceced |toersocspa | ceeced |tearcdes| msec Feretaistaiayalll tcterstyere, isrerserare Il sis hanes ee) 4 eee i ee 

19 || 49-3 1-4 || 29-802| 55-7} 49-7) 66 || 29-801] 53-0) 44-5} 51 1-7 | 0-6 || 20, 20, 20, 21 

20 || 43-2 3-4 || 30-015] 47-0) 40-7| 58 || 30-108] 45-6] 39-5 59 1:8 | 0-5 || 25, 28, 31, 0 

21 || 40-6 0-2 || 30-399 | 42-3) 38-6] 72 || 30-344] 50-6| 43-3) 56 1-1 0-2 || — 7, 0, O 

23 || 49-7 0-3 || 30-319.) 54-5] 44-7] 45 || 30-248] 64-1] 49-3 32 0-1 0:0 || — — — — 

24 || 51-2 3-9 || 30-136] 57-9] 45-9| 38 || 30-090] 53-6| 45-9| 56 0-6 | 0-2 || — 28, 30, 0 

25 || 43-3 8-9 || 30-106] 44-0} 42-9] 92 || 30-065] 46-8| 43-8] SO 2-2 | 0-4 Di MAMA nS 
26 EGC a sail cvereteratersfaral |(refetesintatsenoii|| sravasrclar | ular aiered|\lele:a a= So cosidhe |Wecosedbsadran (Neacaan OL OP Eicieeisve So Se 

27 || 48-2 4-9 || 29-949) 53-0} 48-3] 72 || 29-900] 53-0} 48-9| 75 0-2} O1]|}— — 4, 38 

28 || 43-4 9-1 || 30-008 | 45-6| 43-3] 84 || 30-119] 49-0) 43-9| 68 || -015|; 0-3 | O-1 4m 4.o04, 6 

30 || 44-9 2:7 || 30-139| 53-0! 47-1 65 || 30-124! 48-6| 43-6| 69 0-8 | O-1 || — — 4, 6 

* See Introduction for a description of the methods by which these means have been obtained. 



98 Dairy METEOROLOGICAL OBSERVATIONS DURING MAy AND JUNE, 1855. 

11 a.M., Gottingen = 5 p.M., Gittingen = 
Calculated Force of 

; 104 10™ a.m., Makerstoun 4» 10™ p.M., Makerstoun : *necti ‘ 
Daily Means.* Mean Time. Mean Time, ' Wind. pecs eres 

Gin e | T a | Sa ——,——]} Hours, Gottingen 

‘Renn: Sky || Barom. phe Kaa Buy Bande ae Hum, |j!nches x bs gi 
af clouded.|| at 32° ba af Satur.|| at 32° ef or Satur eo Air. * | Air. | Evap. 100. Air. | Evap a 78 20%, 234, 2h, 5m. 

May 1 || 39-7 9-7 || 30-048 39-3 38:-9| 96 || 30-128) 42-0) 40-3] 87 || -160]] 3-7 | 1-5 4, 4, 4, 6 
2 || 48-0 7-0 || 29-:962| 51-6] 45-3| 62 || 29-730] 58-2) 47-7] 45 1-7 | 0-1 || 18, 20, 24, 24 
3 | 35-1 7-5 || 29-656 | 39-3] 36-3| 77 || 29-642] 38-0] 32-3} 56 || -025]| 3-3] 0-8 i 2, 0,30 
4 || 35-1 5-2 || 29-709 | 37-8| 32-6] 59 || 29-709) 40-3] 35-5) 65 2-6 | 0-3 03) 0540) 4 
5 || 42-2 9-2 || 29-609 | 45-0} 40-9] 72 || 29-444] 45-8} 43-6] 85 7-0 | 1-3 || 18, 21, 20, 18 

7 || 40-2} 10-0 |} 29-472} 41-8) 41-1] 95 || 29-119) 48-0] 46-6] 91 160|| 1-7} 0-5 | 18, 4, 4, 21 
8 || 39-7 6-7 || 29-492] 44:0] 37-9] 58 || 29-616] 46-8] 38-9} 50 || -468|) 3-2 | 1-4 |] 24, 29, 30, 28 
9 | 41-3 5-1 || 29-590} 48-6} 42-6] 62 || 29-592] 38-0] 34-3] 71 1-8 | 9-5 || 20, 22,— 6 

TOV SBXOX) Ecesecapelll sa asecoon |eoceda | Obcnda || onéonc er CI0\ hoo osc aoccan |\cuodsuc DBO \eeaciawll| erence eo SS SS 

11 |} 38-3 9-5 || 29-292} 41-0} 41-0} 100 |} 29-432) 41-6| 39-6| 85 302 || 1-3 | 0-6 4, 2, 4, 4 
12 || 41-0} 10-0 || 29-644} 44-0] 41-6] 83 || 29-630) 45-2] 42-5} 81 2:0} 0-4 4. 45 Geo 

14 || 41-2 9-4 || 29-584] 41-6] 41-3] 98 || 29-536| 46-0) 41-5} 70 |} 020] 0-7 | 0.2 4. Abed ene 
15 || 40-7] 10-0 || 29-481) 44-4] 42-1] 84 }} 29-514] 42-0] 41-9] 99 0-8 | 0-2 Ly 25 aye 
16 || 45-0 8-5 || 29-547] 47-8} 43-1] 70 || 29-526] 50-0] 45-3) 71 030]) 0-1 | 0-0 || 30, — — — 
17 || 46-7| 10-0 || 29-645 | 47-7|,44-6| 79 || 29-649] 52-2] 46-3] 65 0-6} OL} — — — 22 
18 || 49-2 4-6 || 29-798 | 52-0| 47-1] 70 || 29-779] 56-4] 49.9} 64 1-3 | 0-1 |} — — 20, 20 
19 || 56-5 9-4 || 29-691] 61-8} 56-4] 73 || 29-657] 60-4] 55-3) 73 1-4 | 0-2 | 15, 22, 18, 15 

21 || 45-5] 10-0 |} 29-753] 50-8] 47-4| 79 || 29-728] 46-0) 42.6} 76 D8 OF eal Wires 
22 || 45-7) 10-0 |} 29-609] 47-0] 44-6] 84 |] ---.----2 | ceeeee | necro [ewer 1-4 | 0-1 | 31, — _ 
23 |) 49-6 6-2 || 29-494} 52-2} 46-9} 69 || 29-447} 58-3) 50-9] 61 0-3 | 0-1 | — 24, 20 
24 || 56-0 8-7 || 29-457] 58-7] 53-6| 73 || 29-488] 60-0] 55-2] 75 1-8 | 0-4 || 14, 14, 14, 13 
25 || 60-6 8-0 || 29-637 | 66-9} 59-6] 66 || 29-643] 62.2| 57-8) 77 2-4 | 0-6 |) 10, 12, 14, 14 
26 || 57-1 4-1 || 29-792] 61-8] 57-9] 80 || 29-684] 65-8] 59-4] 69 1-8 | 0-8 4, 4, 2, 4 

28 || 44-8 5-6 || 29-803 | 48-3] 43-3] 68 || 29-813] 48-4| 42-9) 65 2-7 | 1:3 4, 4, 3, 2 
29 || 41-8 7-4 || 29-785| 45-3] 43-L] 85 || 29-931] 41-6] 39-8] 87 12-8 | 3-2 OF 2,04, -2 
30 || 42-6 6-4 |] 29-980] 46-0} 40-3] 61 || 29-952] 47-3] 41-3] 61 3-0) | (1-3 | BEY 2,825.02 
31 | 41:7] 10-0 || 29-.908| 44-8] 41-7) 78 || 29-869} 44-6] 40-9] 74 |] -180]| 3-1 1-6 4, 2, 4, 3 

June I || 40-6] 10-0 || 29-684] 42-0] 41-9] 99 || 29-655] 43-3) 43-1} 99 |) -226]| 3-1 | 0.4 4, 3, 4, 2 
2 || 46-9] 10-0 |) 29-684} 53-0] 50-3] 84 |} 29-671} 51-6| 48-3) 80 || -058]| 0-2 | 0-0 || — — 20, 18 

-020 

4 || 53-8 7-1 || 29-493 | 56-3} 52-3) 77 || 29-432) 61-1] 53-7) 62 0-8 | 0-2 || 20, 22, 20, 18 
5 || 55-3 5:5 || 29-452| 58-0] 54-9] 83 || 29-483] 64-0} 55-6] 60 |} -062)) 1-9 | 0-2 || — 18, 18, 18 
6 || 57-3 7-4 || 29-589] 59-3] 56:3] 84 || 29-572] 61-8] 59-7} 89 0-7 | O-1 |} 18, 18, 18, — 

7 || 55-1 9-7 || 29-593 | 57-8] 54-1] 80 |} 29-600] 61-8} 55-9] 70 || -560]) 0-3 | O-1 || — 26, 18, 20 
8 || 55-5| 7-7 || 29-671] 61-4| 54-7| 66 || 29-654] 57-5| 54-3] 82 0-3} O1]— 8, 8 8 

9 || 53-4 9-8 || 29-637] 55-9} 51-3] 74 || 29-648] 57-9) 54-7) 82 |} -148]} 0-5 | 0-1 || — 16, 18, 18 
-060 

ll EYGrC i igerodeeod||scodgoncc || aao.qeHaorcal| conan ||lomescosac lWoocdoo'|| soosed || orecos 0-3 | «see —_—_ — — oo 

12 || 58-5 4-8 || 29-878 | 62-1] 54-3] 61 || 29-764) 644] 56-8] 63 0-4 | O-1 || 15, 16, 18, 18 
13 || 59-9 6-4 || 29-520] 65-2} 56-8] 60 |) 29-379] 63-8| 56-8] 66 0-2 | 0-0 | — — 16, — 
14 || 50-1| 10-0 || 29-183] 53-0} 50-9} 87 || 29-130] 57-5} 54-4] 83 || -298]| 0-2 | 0-0 4,— — 20 
15 || 50-4] 10-0 |) 28-814] 54-0} 52-3] 90 || 28-904] 56-1] 53-3] 84 || -072|| 0-3] 0-1 }/— — 5, 7 
16 || 44-6] 10-0 |) 29-161) 47-6] 45-3] 85 || 29-259) 46-2] 45-9] 98 || -162)) 86 | 2-2 0, 30, 0, 2 

-050 
18 45-8 IWOEC) WMapAge code \taoocoe)|aonoe Nt oscoo 99-693 49-6] 45-7 76 -030 0-2 0-1 — — 20, 4 

19 46-0 10-0 299.936 | 49-6} 46-3 Toe Wemesersnor| nadseo || acron. ||sanenc 0-0 oo | — — 

20 || 55-7 4-0 |) 30-193) 57-9| 54-1| 79 || 30-166} 63-8] 56-2} 63 0-2 | 0-0 4,—-—-=— — 
21 || 64-9 6-0 || 30-164] 67-5) 62-1| 74 || 30-127] 71-0] 62-1| 61 0-1} 0-0 /||— —-— 4 
22 || 63-1 9-0 || 30-057 | 64-8] 61-5] 83 |) 29-984] 72-0] 63-3] 62 0-2; 00)]/— — — — 
23 || 53-1 8-2 || 30-042] 56-1| 54-3} 89 |) 29-989} 63-2] 54-9] 59 0-2) 0-1 ]— 6, 6, 30 

25 || 56-3] 10-0 || 29-640] 58-9] 56-2} 85 || 29-604] 61-4] 58-4] 84 || -080]/ 2-7 | 0-9 || 20, 20, 20, 20 
26 || 59-7 8-6 || 29-869} 63-0} 60-1] 85 || 29-934] 64-8) 58-8] 70 || -035|) 1-9 | 0-3 |) 28, 20, 20, 20 
27 || 62-0 6-7 || 30-093 | 65-8 | 58-5] 65 || 30-094} 69-1} 60-4} 61 1-2 | 0-2 || 20, 20, 22, 24 
28 || 65-6 2-6 || 30-029} 68-5] 62-3} 71 || 29-962] 77-3] 66-8} 58 0-2 | 0-0 | — — , 20 
29 68-0 5.0 29-885! 68-9! 61-6 66 BenooonOn | aocooo! ooceocellinccron 0-4 0-1 — 15, 15, — 

30 || 59-4! 10-0 || 29-685] 64-8] 62-7] 89 || 29-685] 59-9| 58-2] 91 0-4 | 0-0 2,— — 20 

* See Introduction for a description of the methods by which these means have been obtained. 



DaiLty METEOROLOGICAL OBSERVATIONS DURING JULY AND SEPTEMBER, 1855. 

Calculated 
Daily Means,* 

Civil Day. 
em. 

Sky 
a clouded. 

ew ce ee [et ee scene 

rs Ce ic 

sl] ee erereee | ee eene | ee erne 

weceee [te eeaseee 

el] eoersssee | weevees 

* See Introduction for a description of the methods by which these mean have been obtained. 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Tem. 
of 

Tem. 
Barom. of 
at 32°. 

se eee en | we eeee 

eee ewww e | we een ne | steers | te tewe 

ee Ce 

seeceeree | eoneee | teers | te rene 

pees seecen | te eeee 

secre eens | ewer ee | creer e | sees 

we wc canes | teen ee | testes | we eeee 

weccoe | te eeee 

seer ee 

eeeece | ee aees | te eeee 

ery 

se eeee 

5 P.M., Gottingen = 
45 10™ p.M., Makerstoun 

Mean Time, 

ee teweeen | we eeee | ee eeee | ee sene 

eeeee sees | we eees | ceases | crores 

weer ee | we eeee | wa eree 

ee oreeree | coseees | cesses | eosees 

se eeeceee | er eeee | te rees | se eeoe 

eeeececes | eeeeee | eeares | eeeves 

eeeeee | te arae | weave 

sewn ee | ee eree | wweeoe 

were es | secre | we eeee 

wees aeee | ee eeee 

we ceee | eter ee | we eene 

ets eve 

coer esses | coe eee eceeee | ceecee 

stan eecee | ee eeee | Che eee | coeeee 

eee en | te ce ee | weer ee 

eevee s | ee eree | caecee 

eoeres | se eeee | ceeeee 

wearer cece | seenee | err eee | woseoe 

99 

Force of 
Wind. Direction of Wind 

at the following 
Hours, Gottingen 

Mean Time. 

Max. |Mean,.* 

20h, 23h, Ob 5h, 

17, 

ee eeee 

eeeeee 

seacee | concen 

ween en | ce seae 

ea cene | cavern 

tee ee 

eeecee | ce eees 

se eens 

ween e | we eeee 

t No observations during August. 



100 Datty METEOROLOGICAL OBSERVATIONS DURING OCTOBER AND NOVEMBER, 1855. 

all A.M., Gottingen = 5 p.M., Gottingen = 

ie Be 105 10™ a.m., Makerstoun 45 10m P.M, Makerstoun ie oat, ‘ie eee 4 
aily Means. Mean Time. Wean Tae ind. irection of Wind 

Rats at the following 
As ee ol es || ee | mee ee Te ope : Hours, Gottingen 

Civil Day. te Tem. | Tem. | Fél- am ietternc | ieee ie aoe Mean Time. 7 
Sky |] Barom. | o¢ of | Hum. Barom. | “or of | Hum. Inches. Max. Mean. 

of ° o 

Air, |Clouded.|| at 82°. | ip Bvap. red at 32". | Air Evap. see 20%, 236, Ok, 5, 

Oct. 1 || 54-0 8-2 || 29-313 | 56-7 55-8 95 || 29-288 55-0 53-3 90 0-3 | 0-1 4, 2, 4, — 
2 || 50-7 9:9 || 29-427 | 53-8 | 52-1] 90) || -s---ce0| 2.000 ace cbinuill Giants O31 4.4620) ||| pes ee 

2 526i) 10-0 || 29°46 7 DA Oulinty Sede oO Ow |hem cle eiesialaiilitcine)stoisil finieste niall etate irre 0:94: (0:0. =o 

4 || 54-6 8-3 || 29-026] 57-5] 56-2} 93 |) 28-872) 56-7| 55-5] 93 || -378]| 0-2] 0-0 || 10, 15, 15, — 

5 || 50-9 7-5 || 28-852) 55-9) 52-6] 81 || 28-925) 52-2| 47-3) 71 || 045] 2-1 | 0-7 || — 18, 17, 17 
6 || 52-0 5-7 || 29-021 | 53-8| 50-3] 80 || 28-961| 55-5] 52:5] 83 | -025|| 1-3 | 0-2 || — 15, 14, 14 

+425 
8 || 46-9 9-2 || 29-286] 46-8] 46-1] 95 || 29-266) 53-0) 50-3] 84 C1 0:0) 

9 || 48-6 9-9 || 29-306 | 53-0) 52-3] 96 || 29-346| 46-8| 43-1) 75 | -100] 0-3 | 0-2 || 26, 30, 31, 1 
TQ lwadistessrel eiecieseiese'e sevauisntteralVeseetts ctanindllasraorstnel li mepeericee seston lite acstetee| homers (1A ae ee | 

11 || 48-1 9-7 || 29-180] 51-0} 47-9] 81 || 29-093] 49-2) 47-9] 92 || -080]; 0-5 | 0-0 || — 20, — — 

12 || 46-5 8-0 || 29-209 | 49-4] 46-1] 79 || 29-203} 50-8] 45-3| 67 100]; 0-5 | 0-1 || — 20, 22, 20 
13 || 44-5 8-4 || 29-215] 41-6] .----. | eevee > || 29-212] 45-8] 43-3} 83 1-6 | 0-2 || 18, 20, 22, 20 

-050 

15 || 40-0 2-5 || 29-191 | 40-2} 39-1] 92 || 29-188] 47-2} 43-1] 73 0-0; 0:0 | — — — — 
16 || 41-4 6:5 || 29-383 | 46-0] 43-5] 83 |] -----eee- | eeeeee | ceeees | coeees 0-0 | 0:0 || —_.— 

17 || 39-0 5-4 || 29-656] 38:5| 37-8] 95 || 29-607] 45-5} 40-9} 69 0-3 | 0-0 ||} — — 20, — 
18 || 48-6 5-6 || 29-429] 53-2) 49-3] 77 || 29-519) 49-0} 46-1| 81 2-7 | 0-4 || 20, 20,26; 92 
19 || 49-2 9-4 |} 29-618} 51-3] 49-3] 88 || 29-629] 52-8] 50-1] 84 030 || 1-0 | 0-3 || 20, 20, 20, 20 

20 || 53-1 9-7 || 29-644) 53-8] 52-5] 92 || 29-594) 54-2] ----e- | +--+ -025 11-0 | 1-1 16, 19,418. 18 
-025 

22 || 49-7 7-6 || 29-889} 52-0} 49.3} 83 || 29-788} 51-0] 47-9} 80 3:0 | O-1 || — 22, 18, 18 

23 || 47-4 8-0 || 29-342] 46-6] 44-1] 83 || 29-333) 45-2] 42-3] 80 4:8 | 1-2 || 19, 18, 22, 20 

24 || 38-0 3-0 || 29-379 | 41-0] 38-9] 85 || 29-467| 39-6| 37-9| 87 372 || 4-7 | 0-6 || 18, 18, 19, 22 
25 || 48-4} 10-0 || 29-204) 50-3] 47-8] 84 || 28-843] 50-6] 50-9} 100 7-0 | 2-0 || 18, 18, 18, 18 

26 || 42-6 5-6 || 28-553 | 48-0) 45-3] 82 || 28-692] 40-6] 39-9) 95 || -292]| 3-3 | 0-6 || 17, 18, 19, 26 
97 || 31-5 522) "99.9331 S6:6| 3426 | SA: iliicsecttemaell tases! lleetene el tear ctas 039k 0-271 0051 =] 

29 || 34-8 8-7 || 29-403] 33-6} 33-5} 99 || 29-350) 43-0| 42-5| 96 0-2} 00 ]|/— — 4, 4 
30 || 43-0| 10-0 || 29-432] 44-0] 42.1] 86 || 29-412) 45-0} 41-9| 78 529) 7-7 | 1:1 2, Last 2s a 

31 || 42-3 9-4 || 29-529! 45-0| 40-7} 70 || 29-611} 42-0| 39-1] 79 020} 8-2 | 2-1 0;. 10; 480) Jar 
Nov. 1 || 36-7 4-5 || 29-563 | 38-5| 33-7| 63 || 29-526] 38-0!) 35-3] 7 4-2) 1-1 || 26, 28, 28, 28 

2 || 42-1 7:3 || 29:687| 43-8] 41-9] 86 || 29-746] 44-0] 41-3] 81 180))). 3-0) || 0:2) }\) 31, Silicate 
3 || 43-8 9-4 || 29-826 | 44-8] 44-6} QD || ewcseeess | coeeee | eeecee | conees 190} 10); 01 ]/— 1, 6, — 

5 || 43-6] 10-0 || 29-790} 44-8} 44-1] 95 || 29-720) 47-8| 47-1) 95 0-6 | O-1 || — 17, 18, 16 
rai lees RKO linsece oes lllononsacaée koanoae Ba Nel sole te arapiatetoie ova liad ote an | deena glen ONT Witten aee a (Sa 

7 || 42-6} 10-0 || 29-386 | 40-3] 40-3] 100 || 29-148) 49-0} 48-3} 96 || .498]) 15 | 0-4 || — 2, — 16 
8 || 40-9 5-6 || 29-115] 44-8] 43-1] 88 |} 29-110} 40-0} 38-3} 87 228 || 3:0 | 0-1 || — 18, 18, — 
9 || 36-6 7-7 || 29-481} 34-2| 33-9] 97 || 29-486] 42-2| 40-9; 90 030|| 0-0 | 0-0 |} — — — — 

10 || 44-0 5:5 || 29-543 | 44-9] 44-1] 94 || 29-543] 46-6] 45-1] 90 1-6 | 0-0 || — — 15, — 

12 || 49-5] 10-0 || 29-871} 51-0) 49-3} 89 || 29-871] 49-2] 47-9] 91 || -040]) 1:5 | 0-2 |} 18, 15, 14, 14 
13 || 44-4] 10-0 || --e-eeeee | eveeee | eeeeee | cence 29.848] 44-2] 43-1] 92 0:2.) 0-0 || 14,4 

14 || 41-7] 10-0 |) 29-851] 43-0} 40-9} 84 || 29-816] 42-0} 39-8| 83 0-2} 0-0 | — 4,— 2 

15 || 36-9 TA || ce ceeeeee | ce eeee ssee || 29-907 | 37-6 | 37-5| 99 0-9) 0:0 |} — — — — 
16 || 32-4 3-6 || 30-060] 34:6] 33-3] 88 || 30-072] 35-0) 34-6] 96 0:0 | 0:0 || — — — — 
17 || 30-7 5-1 || 30-191 | 30-3} 30:0] 97 || 30-157} 35-2] 34-7] 95 0:0 | 0-0 |} — 20, — — 

19 |} 41-9; 10-0 || 30-132] 43-0} 41-5| 89 || 30-083] 43-0} 40-3} 80 || -083]| 0-2 | 0-1 4, Aj iA) ee 
20 || 41-6} 10-0 |) 30-016} 42-6) 39-3} 75 || 29-963] 42-0} 39-3] 80 0-6 | 0-2 4, >> ined wo 
21 || 41-5 9-9 || 29-866] 42-6] 40-1] 81 || 29-832] 41-6} 39-6| 85 0-3 | 0-1 4, 4, 4,— 

22 || 40-3 9-2 || 29-770} 41-0} 37-9] 77 || 29-724) 39-8] 38-5| 90 0-3} 0-1 || — — 4, 4 
23 || 40-7] 10-0 || 29-669 | 43-0] 42-1] 93 |] ..-se0--- | eeseee | seeeee | cence 030) 0-3 | 0-2 4, 4, 4, — 

24 || 38-6 9-9 || 29-867 | 40-3} 38:9] 89 || 29.905] 39-8| 38-9} 92 || -280]| 1-5 | 0-3 45> 4.) 28) -30 
-150 

Eh cceSoiss ct ots. aazeca:e ayeill ceysieuiainisharsal|| sieve ctoxstl||yats/<’cke aul Leratestoten | lgeatereeeetecal leis ea lie ered Ince flO ergeex ell eects ak gn 
Dr? Wwecacealllosoe a ‘aiaiaiell| Vaxoxsevsietsich | Melaroeenall erp eielal l Mateiaists alll Zrccoshsverezara ll a rete sull eacemisttee kecsce calling WUbl|(Reexsaeealh ccieeee a, yee, 

QAI acs) apna) || Ale oiarseysini' llcecsem:sieeterell | Nssie se al alate aie orl eter eareleta ae eel eerie aoe (oe) |} bse igen ge 
BY) WW acatie jslnloioig-4| \oin’sseseiap | tele aheusy ine erstore sill tniele/ateiete resid nas eeeven | eer etatars eit etecs’etetee | (a Weare cae ee 
B10) epee eee eciond || heceeocneel| Iitcrecru pcccs coq lssarca||lstorctaca dos dn \leoen ca iacsoas Il) syehampersid ioveseeaue eS 

* See Introduction for a description of the methods by which these means have been obtained, 



DaAILy METEOROLOGICAL OBSERVATIONS DURING DECEMBER, 1855. 101 

Calculated 

Daily Means.* 

Civil Day. 
Tem. - 

he clouded. 

Dec 1 eI ee 

||P. wasters 
AW Pec vctor 
Bit lWises eis,» 
G || cceeee [eee ceeeee 

Bailie 
3) \ oaeane 

10 || 24-2 0-3 

11 26-6 3-1 

12 19-1 3-4 

13 || 26-3 7-3 

14 || 45-2 8-2 

15 || 44-2 9.5 

17 || 31-1 9:5 

18 || 35-9 8-7 

19 || 28-3 9-1 

20 || 27-6 5.8 

21 24-0 ASanae 

22 || 22-0 

24 || 41-0 9-6 

25 || 40-2 9-6 

26 || 39-7 9-2 

27 || 40-6 7.0 

28 || 39-9] 10:0 

29 || 44-8 7-9 

31 || 45-3 9-6 
——$—$— —————— 

11 a.M., Gottingen = 
105 10™ a.m., Makerstoun 

Mean Time. 

Rel. 
Barom. Boa Hum. 
at 32°. - ice Satur. 

re VSP 100: 

30-005 | 36-2] 35-9} 97 

29-868] 27-9] 27:0} 91 

29-541 | 22.2} 22-5) 100 

29-886 | 25-6} 25-0} 94 

29-527 | 45-6] 44-9} 95 

29-750 | 47-0| 45-8 91 

29-974 | 29-7] 29-6| 98 

30-031 | 38:6| 37-3] 89 

30-046 | 28-4] 28-0 96 

29-824 37-0} 37-1} 100 

29-669 | 24-2} 24.5} 100 

29-004 | 41-6} 40-3 91 

29-172| 41-6} 40-9} 95 

28-822 40:0] 39-5) 97 

29-097 | 41-6} 40-9} 95 

29-263 | 36-8| 36-1 94 

29-419 | 44-6} 43-9) 95 

29-756 | 45-6] 45:3 98 

5 P.M., Gottingen = 

4b 10™ p.m., Makerstoun 

Mean Time. 

ee eeee | ce vcee | wa enee 

se seccees | cos eee | seeree | seenee 

ween en | weer ne | we ween 

sece ee | cee ee | we aene 

Rain 
in 

: Inches. 

080 
7118 

-310 

076 

-026 
-020 

-100 
003 

* See Introduction for a description of the methods by which these means have been obtained. 

Force of 

Wind. 

Max. |Mean,* 

0:0 | 0-0 
0-2 0-0 

0-2 0-0 

0-2 0-2 

3-0 0-6 

3-2 0-3 

0-3 0-0 

3-8 1-0 

6-0 2-1 

6-0 1:3 
i vais, She 

ae 2.6 

4-8 0-9 

2.7 0-3 

2-0 0:5 

2-1 0-0 

2-7 0-9 

5-0 0-5 

Direction of Wind 
at the following 

Hours, Gottingen 
Mean 'l'ime, 

20h, 23h, Qh, 5h, 

1S: 

18; 718) 18; 

t Anemometer frozen. 

bho Q 



a 



\ 

es 



—~ 



»s. 



esrece sheser Ss: Pest 
a leredseerteteeresres wees 

eaeaes peeee 


